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AN EXPLANATION^ 
TO SUBSCRIBERS 


Readers of this and subsequent issues of this Journal may 
obser\e that the pages are somewhat altered m appearance 
What IS known as the format has been changed The 
Journal is now pnnted on tt^pe known as 10-pomt on a 12- 
point body, and the t\ pe-page is now 29 picas wade and 47 
picas long (A pica is one-sixth of an inch a point is one- 
seventy-second of an inch ) 

The reason for the change is this An acute shortage of 
paper is about to det elop Paper will be increasingly hard to 
get and it maj come to rationing In the latter case those 
who have alreadj made some effort to save paper will 
doubtless receive more consideration than those who 
hat e not 

The new format will permit more words to be pnnted on 
fewer page, without loss of legibilitj , and without curtail- 
ment of the amount of matenal published The same 
amount will be printed on fewer page — that is all Issue 
will be thinner but — to repeat m order to emphasize — ^just 
as much matenal will be published m each volume as !!?•= 
hitherto been published 

In bnef, then, the change 

1 Tends to foretall a threatened break m the con- 
tinmty of publication of scientific matenal, or a cur- 
tailment of the amount published 

2 It IS a way to assist m the general problem of 
national defense, 

3 It tends to forestall, delay, or minirmze a possible 
nse m pnce Labor and matenals are gomg up Sa\ - 
mg paper partly neutrahzes the effect 

Finally, some pages m this issue may be pnnted m the old 
format This is mereh because these pages happened to b,. 
already set m ttqie when the change was determmed upon 
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Ftj— i^e 2ilc-d cal CL’iic of tht Pciir Ber! Br c^a~i Ho'p:laI end ide Dcps’i’nenU of 
Mod c*'r c'lJ BcdliT.d’ogj end I-"’~u~idlcgj, Hazard Mcdtc-dl School, Bozton 


I xsTBODrenox. 


In 1925 Waligren {1 2, 3) described a cbm cal picturej frhicb be named ‘ acute 
aseptic meningitis Each of the cases tebieb be presented fulfilled the foUo vdng 
criteria for a cbmeal diagnosis There ■eras an acute onset of a febnie illness \ntb 
symptoms of meningeal irritation The cerebrospinal Smd revealed a lympho- 
cytic reaction and "ivas sterile on culture There teas no evidence of a septic focus 
of infection near the meninges of a traumatic injury or of an exposure to any 
contagious disease producing a lymphocytic reacnon in the cerebrospinal fimd 
After a short illness each patient recovered completely iritbout compbeations 
The etiology of this symptom-complex tiras tmknotvn However a number of 
diseases of bno-wn etiology, which produced mononuclear reactions in the cere- 
brospinal nuid were recognized Syphibnc menmgitis and tuberculous men- 
ingitis were separate entities Infections of the middle ear, the sinuses and the 
masto.ds were hno'wn to result occaaonally in an aseptic meningitis Tims 
disease of the central nervous system (encephalitis and anterior pobomyehtis) 
had been described. Acute aseptic meninmtis was a syndrome disnnct from 
these knotm ibussK 

Huring the next few years a consderable number of cases fulnlhng Wall- 
s' s criteria were reported under such titls as “asepnc meningitis, 'unen- 
i^Sitis serosa,' and Dseudomberculous meningitis (4, 5 6 7, S 9, 10) As sub- 
sequent research has demonstrated these cases did not constitute a smgle 
Q-sease entity, but were a group of diseases produemg a definite cbmeal picture m 

Tpa-1 


A few of the eiiolorical agents producing the cbnical picrore of acute aseptic 
meningitis have been dscovered during the past seven years Of these the virus 
miymphocyde choriomeningitis nrs^isola'edm 1934 fll). has been studied most 


miielv. 


. - Several related viruses produemg a somewhat similar picture sub- 
ssquently have been isolated. The-e are the vims of pseudo-lymphocytic 
choncmeningitis and the thus of Zc mcled e dee porch crs. However these known 
are the cause of only about one-third of the cases of acute aseptic men- 
— mils in the other two-thirds, no etiologieal diagnoris is possible at the 
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present time These cases mai' be desenbed temporanij' as acute aseptic 
memngitis of unknov.-n etiolog}' 

In this renew a detailed exposition of the role of the nrus of liunphocytic 
chonomemngitis m human disease mil be presented We must acknowledge our 
debt to several prenous renews of the subject at this point, since the 3 ' ha\e 
sen-ed chrectl}' or mdirectl 3 ' as the source of much useful material (12, 13, 14, 15, 
16) 


n THE VIRUS OF LYIEPHOCTTIC CHORIO-MEVIXGITIS IX HtTSLiX DISEASE 

A History 

In 1934 Armstrong and Lillie (11) desenbed the isolation of a new nrus This 
agent was encountered m the transmission from monke 3 ' to monke 3 ' of infectious 
matenal, ongmall 3 ' dem ed from a fatal case of St Louis encephalitis Because 
of the pathological picture produced m monke 3 's and mice, it w as named the nrus 

TABLE 1 

Clinical pictures produced by the virus of lymphocytic choriomeningitis 

1 Lymphocific chonomeningitis 
llerungcal form 

2 L 3 'mphocvtic chonomeningitis 
Enccphalomicbtic form 

3 Xon-mcmngcal form 
Xon-nervous sj-stem infection 
Sistcmic infection 

Gnppal infection 

3a Inapparent infection 
Sub-clinical infection 


of l 3 -mphoc 3 'tic chonomemngitis In the foUowmg 3 ’ear, Traub (17) desenbed a 
nrus which produced the same clinical picture in white mice as the virus of 
Armstrong and Lilhc This a irus was earned 113 - apparent^' }iealth 3 mice and 
was actuated b 3 the intracerebral injection of foreign matenal 

The role of the virus of l 3 'mphoc 3 'tic chonomemngitis in human disease was 
first established 63 ' Ruers and Scott in 1935 (IS) Tbe\ studied two patients 
mth the clmical picture of acute a=cptic meningitis From tlic cerebrO'pinal 
fluid of each patient a nrus was isolated, v Inch w a= shown to b" =crologicallj' 
identical wath the two strums of nrus prenoush uolated b 3 Vrmstrong and 
Traub 

B Terminology 

Tlie term ‘hinphoci tic clionomcninmtis’ has been u=ed to designate a form of 
meninnti^ in man produced lu' a specific nni= Further ini e^^tieation has 
shown'^that this ^ irus also produces other snidromes In a fc patient-, infec- 
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tion has resulted m the clinical picture of encephalomyehtis In othere a sys- 
temic infection ivithout menmgitis has been observed In addition, asimipto- 
matic infection with this imis probably occurs m numerous mstances These 
vanous chnical pictures and the s 5 Tionyins which have been used to describe 
them are listed m Table 1 


C Distribution 

1 Frequency A total of tliirty-fiic proved cases of the menmgeal form of 
lymphocytic chonomenmgitis have been reported (16,- 19, 20) This mcludes 
three cases of the encephalomi'ehtic form The apparent rarity of these forms of 
infection is due m part to the difficulty of pronng the diagnosis Immuno- 
logical studies suggest that cases of systemic infection and of mapparent infection 
Without menmgitis are qmte common Approvunatelj* 11 per cent of 2,000 sera 
tested (16) contained neutrahzmg antibodies against this nius 

2 Seasonal tncidence Among thirtj'-three proved cases of Ijanphocirtic 
chonomenmgitis renewed bj- Armstrong (16), most of the illnesses occurred 
during the sprmg and fall months Cases were also reported throughout the 
wmter months, but no proved case occurred m July oi August 

S Geographical distribution The raus of hmphocytic choriomeningitis has 
been isolated m widel 5 f sepaiated poitions of the United States (11, 17, 21, 22, 
23, 24, 25, 26), m England (27, 28), m Fiance (29), and in Japan (30) The en- 
dence suggests that this nrus is voild-mde in its distiibutiou among human 
bemgs and also among mice 

4 Susceptibility tn man Age Ljmphocj’tic chonomenmgitis occuis most 
often between the ages of 15 and 40 years, although cases in cluldieu and eldeilj'' 
mdividuals have been described Race The nius seems to attack without 
racial discnmmation In the United States, the frequencj’' of Ijmiphocjdic 
chonomenmgitis among whites and negioes has been loughlj’’ piopoitional to the 
representation of the two races m tlie population Occupation With the ex- 
ception of infections among reseaich woikere with the virus, this is not an oc- 
cupational disease 

D The clinical pictures pioduccd in man 

It has been kiiowm foi the past seven yeais that the nrus of IjTnphocjrtic 
chonomenmgitis pi oduces a meningeal i cactioii in man How evei , meningitis is 
only one episode in a systemic infection When this viius i caches the blood 
stream, the patient iiia 5 ’^ develop anj' one of tiuee diffeient clinical pictures 
the menmgeal foim, the eiicephaloniychtic foini, oi the non-menmgeal foim of 
mfection (13) The clinical and expciimental observations contributing to the 
dehneatioii of these vai lous foi nis of mfection wall be pi esented These data wall 
be summaiizcd in a single outline of the chnical picture of the disease m man 

1 Menmgeal foi m In 1935 Rivcis and Scott (18, 23) described the first tw'o 
cases of human infection wath the vnus of lymphocjrtic chonomenmgitis Both 
of these patients developed fcbiilc illnesses chaiacterized by headache, vomiting, 

- For comploto list, of the fust tlmty-threo cases, sec Armstrong (16), Table I, pp 49-50 
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and stiff neck Lumbar punctures revealed spmal flmds with 720 and 1700 cells 
per cubic millimeter, nearh* all of which were l3'mphoc3*tes The patients re- 
covered without an3* comphcations 

In 193 S Baird and Rivers ( 31 ) renewed all the cases of lymphocytic chono- 
memngitis reported m the hterature (twent3"-three cases) The3'^ contrasted the 
S3Tnptoms found m these cases with those m a group of patients who had had 
acute aseptic memngitis of unknown etiolog3’’ (eighteen cases) The onl3* sig- 
nificant difference between the clmical pictures m these two groups of cases re- 
lated to the prodromal s3'mptoms Of the twent3^-three proved nrus cases, 
sixteen gave a histon* of an infiuenza-hke precursor3’’ illness, which lasted from 
one to three weeks before the onset of menmgitis These earl3^ s3’mptonis in- 

EA. PBBH LYMPHOCYTIC CHORIOMENINGITIS 



Fig 1 CovRSE and Essential Labor-^tobt D\tv ix k Case of Spovro.EOUS 
LTiiPHOcmc Choiuomevivgitis, ^Iemngevl Form 
(A uthors’ case) 

eluded malaise, generalized pains, headache, upper respirator3' infection, and 
fever In contrast with this group, 011I3' three of the eighteen cases of unknoum 
etiologa* gai’c a luston- of a prodromal illness before the onset of meningitis 
(a) Spontaneous infection, case report The clmical picture of l3’mphoc3’tiC 
chonomenmgitis is best illustrated b3' the following case histora* of a patient 
studied on the Medical Semce of the Peter Bent Bngham Hospital, Boston, 
Mass In this patient the authors were able to elicit a definite histoia* of the 
mouse contact, vhich prob3bt3' initiated her infection The \arus of hanpho- 
c^'tlc chonomenmgitis i\as isolated from her spmal fluid Grc3 mice trapped at 
her home V ere carraang the same vims The incubation penod from the time of 
mouse contact to the dciclopmcnt of meningitis vas tventi* da3’« A febnlc, 
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prodromal illness with a remission before the onset of meningitis occurred The 
essential data of this patient’s lUness are presented graphically m Figure 1 

Case hsiory E A (PJB BJH ^Medical Xo 5S442) is an intelligent, 21-year-old, angle 
negress who was studying cosmetology in Boston at the time of this illness She entered 
the hospital on Xovember 27, 1940, with the complaints of drowaness and fever of 12 days’ 
durabon, and of headache and vomiting of 4 davs’ duranon 

Mouse coTiiad On November 2 she removed a dead mouse from a spnng trap This was 
the first and only time that she ever touched a mouse in her life The neck of the mouse had 
been broken by the trap, but no blood was noticed Intrigued by this male mouse, she 
showed it to her uncle He saw her examining the mouse and urged her to throw it away 
“It won’t hurt me it’s dead,’’ she said 

Prodromcla (first phase of the illness) From November 5 to S she felt hstless but other- 
wise well On November S she went home for the weekend Upon her arrival, her mother 
asked “What is the matter with you’ You look tired, as if you had a fever ’’ Except for 
this shght fatigue the patient felt weU She returned to school from November 12 to 14 
On the mormng of November 15, when she got out of bed she felt “hght-headed ’’ She 
saw “red spots ’ before her eyes, then “things began to turn black ’’ Upon returning to 
bed, she felt better She did not have vertigo, nor did she faint After eating some soup, 
she felt nauseated, but did not vormt Each tune that she got out of bed during the day, 
she had similar spells of bght-headedness This illness prevented her from attending 
school She had no chilly sensations at this time 

On November 16, she got out of bed and had another hght-headed speU She visited her 
phvsician, who found that her temperature was lOl’F (orally) At this time she weighed 
107 pounds, whereas one month previously she had weighed 115 pounds She remamed in 
bed for the next three days With the exception of mild lethargy, she felt qmte well She 
ate sobd foods with no nausea or vomiting She had no headache or vertigo Her tempera- 
ture was not taken 

On November 20 she returned to school for three days Her teacher urged her to go 
home “I did feel fiushed, warm, and bred,’’ she said, “but I would not give up, for I felt 
well enough to conbnue my work ’’ 

Meningitis (second phase of the illness) She awakened on the mormng of November 22 
with a shght frontal, bilateral headache, which recurred during the day. She also noted 
the onset of mild backache As she was fimshing her work of hairdressing m the afternoon, 
her "hands shook’’ and her "knees knocked with ner\ousness ’’ She returned home and 
slept for an hour, after which she ate hearbly In the evening, stiffness in her neck devel- 
oped, so that her chin could not touch her chest She had no respiratorv or gastro-intesbnal 
symptoms The onset of the memngibs was twentv days after contact with the mouse 
On Not ember 23 she was forced to remain in bed with the following symptoms 

1 Frontal and temporal, bilateral headache The headache was imld when she lay 
down, but throbbed incessantly upon sitting up 

2 Sbff neck The sbffness of the neck increased 

3 Lightheaded spells upon trjang to get out of bed 

4 Nausea and a omiting She vomited whenevershe was forced to take food or medicine 
The vomitus did not contain blood 

5 Chilh sensations, but no shaking chills 

6 Drowsiness Her lethargy increased so that she slept most of the day and mght 

7 Loss of appetite 

S Moderate lumbar backache 

During the next t\\ o daj's, she \ oinitcd sea era! times a daj Headache, drowsiness, 
sbff neck, hglitlieadcdiiess, and chilly sensations persisted Her bowels did not move 
On Noa ember 25 her pha'siciaii aasited her He found her temperature to be 103'F (orally) 
On the folloaniig daa she a oniited oiiie, and her sa mptoms persisted In addibon, she first 
noted that daa light hurt her ea-es 
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On Xo^ ember 27 her headache decreased in se\ enty and she did not \omit Her neck 
felt less stiff Hoiveier, she was qmte dronsj', weak, and fevensh with marked photo- 
phobia Upon returmng from the bathroom, she fainted, and had to be earned to her bed 
On this account, she was admitted to the hospital 

Physical examinalion Upon admission the patient’s temperature was 102°F (rectalh ), 
pulse 95, and respirations 20 She laj in bed with her head under the pillow and with the 
shades drawn, in no apparent discomfort Upon sitting up, she rapidlj became weak 
The skin of the evtensor surfaces of both thighs, both lower legs, and both upper arms was 
dn and scal 3 , in contrast to the fine-tertured skin of the remainder of her body There was 
no lymphadenopathj On the postenor buccal mucosa were small white patches of necrotic 
tissue There was no exudate on the tonsils or oro-pharjnx The examination of the 
heart, lungs, and abdomen was negative 

A curological examinalion She was qiute coherent, in spite of mild drowsiness Photo- 
phobia was marked Otherwise the cramal nerves were normal, and there were no changes 
in the optic fundi There was defimte, slight nuchal rigidity Kermg’s sign and Brud- 
zinski’s sign were absent Motor power and sensation were normal The biceps and triceps 
reflexes were equal and active bilateralty Both knee jerks were hypoactue, and could be 
obtained onlj bj reinforcement The ankle jerks were equal and active The abdominal 
reflexes were actn e bilaterallj There were no positii e Babinski reflexes 

TABLE 2 


The cerebrospinal fluid findings in patient E A * 


DATE 

1 1 

EaUAL PRESSURE 

VUilBES or 
iyi£raoc\*TEs 

PEOIXIN 

1 



r’m CSF 

per cu mm 

r£s flOO cc 

ms^ /iOO cc 

11-29-^0 

160 

700 

155 

55 

12- 5-40 

100 

150 

53 

64 

12-15-40 

90 

40 

76 


12-19-40 

SO 

25 

46 


1- 2-41 1 

* 150 

1 15 

40 

65 


* The Wassermann and Hinton tests were negatn e The colloidal gold curx e on Novem- 
ber 29, 1940, was 2222344000, on December 19, 1940, it was 0011000000 No organisms were 
found in stained smears Cultures of the fluid were negatn e 


Course and spinal fluid findings Shorth after admission the patient’s headache, nausea, 
lightheadedness, and xomiting all ceased However, her drowsiness increased Photo- 
phobia and slight nuchal ngiditj persisted She had no appetite Her temperature varied 
from 102° to 104T (rccfalli ) during the first two hospital da\s 

V lumbar puncture w as performed on Xov ember 29 (Table 2) This rev ealed opalescent 
flmd under normal pressure, wath 700 IjTnphocjtes per cu mm and no poh nuclear or red 
blood cells The protein content was increased to 155 mgs per 100 cc , while the sugar 
remained normal The colloidal gold curve showed a slight midzone nse In spite of the 
positive spinal fluid findings, the patient appeared well and had few complaints 

On Xovember 30 her temperature felt to 99 5°r (rectallv ), and her pulse was 70 She 
felt well with the exception of slight stiffness of the neck, poor appetite, and weakness 
Both knee jerks remained hvpoactive 

Bv December 5 the stiff neck and drowsiness had disappeared Her temperature v aned 
from 99 5° to 97 0°r (orallv ) She now weighed onlv 99 pounds, but her appetite was im- 
proving The nght knee jerk returned to normal vagor, but the left knee jerk could be 
elicited onlv bv reinforcement Definite photophobia persisted A lumbar puncture on 
this dav revealed clear fluid, under normal pressure wath 150 Ivmphocvtcs per cu mm 
The spinal fluid protein content had fallen to 53 mgs per 100 cc , and the sugar content was 
C4 mgs per 100 cc (Table 2) 
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Conrakscence (third ph-ise of dlness) On December 10 the patient vras free of all symp- 
toms mclnding photophobia The knee jerks were active and equal bilaterally How- 
ever her temnerature continued to nse each evemng to 99 5T (orally) during the following 
week By December 15 the spinal fluid cell count fell to 40 lymphocytes per cu mm Dur- 
mg the neve lew days the dry, scaly skin of both legs began to peel On December 19 there 
were only 25 lymphocrtes in the spinal fluid and the patient s temperature was normal 
throughout the day She was allowed to get out of bed, and she was discharged from the 
hospital on December 22, which was her 26th hospital day 

During the nevt ten days at home she remained in bed most of the time but felt per- 
fectly well On January 2, 1941, she returned to the hospital for study The skin of her 
legs was soit and smooth Xeurological evamination was completely negative Lumbar 
puncture revealed clear flmd under normal pressure with 15 Irmphoctdes per cu mm In 
January she took a month s vacation, during which time she regained the 20 pounds lost 
during her illness She returned to school and has remained well for the past ten months 
Blood (Xovember 27, 19401 The red blood cells were 4,500 000 The hemoglobin was 
S2 per cent (Sahh), and the hematoent 45 per cent There was a 2 mm fall in one hour in 
the sedimentation rate The white blood cells were 9,(X)0, with 74 per cent neutroplules 22 
per cent lymphoci'tes, and 4 per cent monoettes The red blood cell count mcreased 
gradually to 6,500 000 on December 15 and then fell to 5,000,000 on December 20 Of the 
sedimentation rates repeated on December 1, 9, and 20, each revealed a fall of 4 mm in one 
hour The white blood cells vaned from S,500 to 12,000 with no change in the differential 
count Blood cultures were negative Typhoid, paratyphoid, smpestifer, and sheep cell 
agglutination tests were all negative Blood Hinton and TVassennann tests were negative 
Urine Negative 

Isolation oj the lints * The virus of lymphocvtic chonomemngitis was isolated from two 
specimens of spinal flmd removed from the patient on November 29 and on December 5 
This strain was shown to be serologicallv identical with a standard strain of the virus 
Derclopment of antibodies Sera drawn from the patient on December 19 and 2S were 
tested for the presence of complement-fixing antibodies ^ On December 19 no antibodies 
were demonstrable in her serum but by December 2S (five weeks after the onset of memngi- 
tis) she had developed specific, complement-fixing antibodies in her serum Neutrahzing 
antibodies were first demonstrable in the patient’s serum on February 3, 1941, two months 
after the onset of memngitis ® 

Isolation of tne i trtisfroin grey mice trapped at the patient’s home ® The virus of hmipho- 
cytic chonomemngitis was isolated from 5 of 10 grey mice trapped at the patient’s home 
This virus strain was serologicallv identical with the one obtained from the patient s cere- 
brospinal flmd and also with a standard strain of chonomemngitis virus 

Case summary These studies suggest that the patient was infected with the virus on 
November 2 when she removed a dead mouse from a trap at her home A defimte pre- 
cursorj illness followed this mouse contact \fter a remission of simiptoms, meningitis 
developed The incubation penod from the time of mouse contact to the development of 
memngitis was twenty dajs These observations concerning the earlv clinical course of 
lymphocvtic chonomemngitis are supported by experimental studies 

(6) Experimental infection Lupine, ^Mollaret, and Ivieis (32) have shown 
that subetuaneous inoculation into human bemgs of a mouse-brain emulsion of 
lymphoGj-tic chonomemngitis tains produces a febrile illness u Inch is followed m 
one half of the cases by memngitis The chnical findings in one of these evpen- 

’ See appendix 

• These sera v ere sent to Dr L T Webster, Rockefeller Institute for Medical Research 
New York Citj , who tested the sera for the presence of complcmciit-fixiiig antibodies 
® See \ppendix 



s 


THO'UAS "W F-VRilER AXD CHARLES A JANEWAT 


mental cases of Ijanphocytic chonomemngitis is presented graphicallj^ m Figure 

2 ( 13 ) 

Case history B A received a subcutaneous injection of 2 cc of an emulsion of nnis- 
infected, mouse brain, and in 36 hours he developed a fever Dunng the next fortmght 
there were two wax es of fever In this prodromal period the virus was isolated from his 
blood The white blood cell count revealed a leukopema of 2100 cells per cu mm On the 
eighteenth daj after inoculation, the patient developed headache, stiff neck, and fever 
At this time, lumbar puncture revealed a shghth' cloud 5 spinal fluid contaimng 700 Ijanpho- 
cytes per cu mm From this fluid the virus was isolated After recoverj", circulating 
antibodies against this mrus developed in his blood 


B A EXPERIMENTAL LYMPHO -CHORIOMENINGITIS 



Fig 2 CotmsE otn Essential Lvboratort in x Cise or Evpeiumen’til 

Ltmphocttic Choriomeningitis, Mentngeu, Form 
Patient was inoculated subcutancouslvwith 2 cc of an emulsion of infected mouse brain 
(After Kreis (13) ) 

This clinical picture is nearly identical with that desenbed m the patient E A 
When the tnnis was mjected into human beings there was a febrile, prodromal 
illness of tno or three nceks, during nhich the nnis was constanth* present in 
the blood stream IMost of these CNpenmental cases developed gnppe-hke symp- 
toms ivith prostration at the height of the fet er Usually tv o or three febrile 
waxes alternated mth penods of normal temperature One case developed 
couch and bronclutis dunng lus earh illness In other patient^, fei er was the 
onlv exadcnce of infection at this penod Follovang a remission of fex er, men- 
mcitis dex eloped, and the xarus appeared in the spmal fluid The incubation 
penod from the time of moculation to the dexelopment of fex-er was one-and-a- 
half to three days, v hercas the penod from the time of inoculation to the dex elop- 
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ment of meningitis iras 15 to 21 days Neutralmng antibodies developed m the 
blood of these patients after recovery 

(c) Laboratory infection The descnption by L4pme and Sautter (33) of an ac- 
cidental laboratory infection presents further details of the chmcal picture of 
hunphocytic chonomeningitis A chart of the illness of the patient Y Sautter, 
IS presented m Figure 3 

Portal of entry of the nrvs On !March 29, 193S, V S , a 2S-year-old research vorker, was 
prepanng a complement-fcong anbgen from the organs of a guinea pig with lymphocytic 
chonomemngitis While she was grmding the virulent organs in a mortar with powdered 
glass, a small fragment of the sharp-edged glass lodged in her conjunctiva After this 


VS LYMPHOCYTIC CHORIOMENINGITIS 
AN ACCIDENTAL INOCULATION 

LXPISE AND SAUTTER 



Fig 3 Couese axd EssEirriAL Labobatobt Data cc a Case or Accidental Laboeatoet 
In T ECI I OX with the VlBtTS OF LtHPHOCTTIC CHOEIOlIElCrS'GIXIS 
Patient was grmding organs of infected gmnea pig and a fragment of powdered glass 
from the material lodged in her conjunctiva (After lApme and Sautter (33) ) 

accident a few drops of a 2 per cent solution of aigyrol were instilled into the conjunctival 
sac However, it is probable that the imperceptible conjunctival lesion caused by the 
fragment of glass was the portal of entry of the infecbon 

Prodromaia V S continued to work in the laboratory during the following week On 
April S, mne days after the conjunctivil inoculation, she noted the onset of fatigue and 
chilhness, although her temperature was not taken On the following day chilly sensations 
and asthema persisted, and her temperature was found to be 103'F She had no headache 
On April 12 she was admitted to the hospital with the chmcal picture of “la gnppe,” con- 
sisting of fever, chilhness, increasing weakness, fatigue and msomma In spite of these 
svmptoms, she showed moderate euphoria During the next four days there was a remis- 
sion of fever, but asthema persisted 

Ifcni ncih-s On April 17, mneteen days after the conjunctival moculation, she developed 
a persistent headache with fever and a stiff neck Two days later she became nauseated 
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shoiTO that this strain was serologically identical with the Amencan strain of the Tims 
Serum drawn from the patient after recoveiy contained neutrahzing antibodies 

Case 5 B C , a 36-year-old man, developed a shght head cold with sneezing and malaise 
about October 17, 1935 Two days later his voice almost disappeared, and he had two or 
three chiUs The following day he felt better, and he remamed well for four days On 
October 24 he felt ill agam and complained of an aching pain m his back and of ms omnia 
The back pain spread from the lumbar region to the dorsal area, became more severe for a 
few days, and then dimimshed m intensity 

On October 31 (fourteen days after the onset of prodromal symptoms), he nobced tmghng 
m his fingertips and weakness m his gnp He also found that his sense of taste was im- 
paired, and that his teeth "felt too big ” In addition, he had slight difficulty in urination 
On the foUowmg day numbness and tmghng m his feet developed His legs became progres- 
sively weaker until he was unable to walk without support Partial right facial paralysis 
developed, and transient diplopia occurred He had urinary retention His tempera- 
ture was lOOT On physical examination there was a right facial palsy of lower-motor- 
neurone type, and a shght ptosis of the left eyebd Otherwise the cramal nerves were 
normal The movements of both arms, especially at the shoulders, were qmte weak He 
was unable to sit up m bed The movements of both legs were so weak that he was unable 
to stand All tendon jerks were absent The upper abdominal refiexes were normal, but 
the lower abdommals were diminished The plantar responses were both extensor There 
was a loss of all sensation in the arms and also some impairment m the legs On November 
11 he developed complete right facial paralysis Cerebrospmal fluid drawn on November 
6 revealed 63 cells per cu mm 

Motor power gradually returned, so that by November 29 he was able to walk and to use 
his arms normally Complete nght facial palsy persisted Sensation returned by this 
time but the tendon jerks were stiU absent, and the plantar responses remamed extensor 

The virus was isolated bj the injection of the patient’s spmal fimd into mice Serum 
drawn from the patient after recovery contamed neutrahzing antibodies 

These two proved c-ases of the encephalomyehtic form of lymphocytic chono- 
menmgitis are the best examples of this chnical picture which have been de- 
scribed After a prodromal febrile dlness, endence of damage to the bram and 
the spmal cord appears Convalescence is prolonged, but there is considerable 
restoration of function m the damaged nerve tissue 

Howard (34) has described three cases of tins type of infection m Xew Haven, 
Conn In each patient a prodromal dlness was followed by encephahtic symp- 
toms The virus was isolated from the spmal fimd of one case, who died five 
months later m a mental hospital In the other two patients, the encephahtis 
was fatal m 7 and 9 days, and the xmis could be isolated onlv from bram tissue 
which had been kept m glycerme This work must await confirmation, smce the 
virus studies were somewhat atypical 

S Xon-mcmngcal form (a) Eudcncc for its existence The first proved case 
of syst emi c infection xnth the virus of hmphocytic chonomenmgitis was de- 
senbed m 1941, although the existence of such cases had been suspected smce 
1935 Considerable evidence had been amassed to show that mdixnduals de- 
veloped immuni ty to this xmis without a history of any central neiwous sx'stem 
disease In some cases a “gnppal” dlness preceded this immumty, whde m other 
cases the immumty was apparenth* not associated with any dlness The evi- 
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dence m support of non-meningeal infections with this %arus wiU be presented in 
chronological order 

Immunological studies of human blood sera In 1935 Armstrong and Wooley 
(21) 1 eported the case of L 0 P This 38-3''ear-oId, colored, mamed man was an 
attendant at the National Institute of Health, where he “occasional!}’’ handled 
infected monkej’’s ” One j^eai previouslj’^ he had been absent for four daj^s with 
“grippe,” but there was no historj’^ suggestive of any central nervous system in- 
volvement Smce his serum showed a high titer of piotective antibodies, it 
seemed probable that his immimiti’’ to the nrus was the result of a “sj'stemic 
infection ■without mvolvement of the eential nei vous S 3 ’’stem ” 

An epidemic of l 3 Tnphoc 3 ’t;ic chonomemngitis m tmce developed m 1935 at the 
Rockefeller Institute, Piinceton, N J (35) In Pebruaiy, 1935, Traub found 
that three gumea pigs m his laboiatory had also become infected -with the virus 
In stud 3 Tng the spread of this inrus, he evammed successive sera from J S , the 
caretaker of these infected gumea pigs On March 5, 1935, his semm showed no 
protection, on Jul}- 20, 1935, it showed moderate protection, and on September 
16, 1935, it showed strong protection The caretaker had developed immuni ty 
to the nrus durmg this penod of five months, although he had had no illness 
suggestive of menmgitis This serological endence is adequate to show an m- 
apparent infection -with this nrus Tiaub also studied the serum of J M , who 
had taken care of the infected mouse colon}’- for five years His serum hkeivise 
showed strong protection against the virus 

From 1935 to 19-10 Armstrong and his co-workers (16, 21, 36, 37, 38, 39) 
studied 2000 human sera from all parts of the United States for the presence of 
antibodies agamst the nrus of l 3 Tnphoc 3 ’tic chonomemngitis Of 1000 sera from 
persons who gave no histor}^ of an}'^ cential nen’'ous S 3 '^stem disease, 10 per cent 
possessed moderate or strong neutrahzmg antibodies The results of these sero- 
logical studies have been confirmed b}’’ Yamarat (40) He tested the sera of 126 
patients who were m the hospital for a vanet}* of illnesses, chiefl}’- pneumoma and 
heart disease hlost of these mdinduals had their homes m or near Boston, 
Mass In this group, 14 seia showed moderate protection, and 1 serum showed 
strong protection agamst the lurus Thus 11 8 per cent of the sera showed the 
presence of antivuiis None of these mdinduals had an}- histor}^ of central 
nervous S 3 'stem disease at an}’’ time The results of these protection tests, which 
are a specific measure of antibody titer against this nrus, strongly suggest that 
part of the population is exposed to this agent and develops immumty to it, 
•without an}’ endence of menmgitis 

Serological studies weie made on the seia of 106 mdinduals ’With a histoiy of a 
recentupper respirator}’ infection, designated as “grippe,” influenza, or a “cold 
•without memngeal irntation (36) Of this group, 28 per cent shoved moderate 
or strong protective antibodies against the nrus This percentage is signifi- 
cantly greater than the 10 per cent of positive sera among 1000 chosen at random 
Although this statistical endence is not conclusive, it supports the ^nevr that a 
“grippal” infection with the nrus does exist 

(5) Experimental infections In 1937 Kreis (13) first desenbed e^qienmental 
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htiman cases of the piirely systemic form of lymphocytic chonomeiiingitis virus 
mfectioii These mdividuals constituted half the total group of patients who 
had received subcutaneous inoculations of this virus In these cases fever de- 
veloped after an mcubation penod of 1| to 2 days, followed by gnppe-hke symp- 
toms However, these prodromata were not followed by a memngeal reaction, 
but by complete recovery Ereis (13) made a detailed report of one of these 
cases The clmical findmgs m this patient are presented m Figure 4 

Case h:slory D SI received a subcutaneous inoculation of 2 cc of an emulsion of in- 
fected mouse brain On the f oUomng day he felt feverish and his temperature was 101 o°F 
The imtial wave of fever lasted eight days and was accompanied by chilliness, malaise, and 
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Fig 4 Coitrse aitd Essextiai, Labobatort Data rx a Case of Espeetmextai. 

LvMPHOcmc Chorioaiesisgitis, Kor-Meiukgeai, Porai 
Patient was inoculated subcutaneously with 2 cc of an emulsion of infected mouse 
brain (After Kreis (13) ) 

prostration at the height of the fever A white blood cell count revealed a leukopema of 
S'XK) cells per cu mm on the fifth day of illness All symptoms disappeared with the 
remission of fei er This febrile wai e of infection was followed by three asymptomatic 
waves of fever of two to five days’ duration The undulating febnle reaction covered a 
span of 22 da vs , during which time no memngeal sj mptoms dei eloped He had no headache 
at anv time Lumbar punctures performed on the third and seventeenth days after in- 
oculation showed no cellular reaction or chemical abnormahties in the spinal flmd 

Four samples of blood taken from the second to the mnth dav after inoculation all con- 
tained nrus Hon ei er, a sample of blood taken on the fifteenth day of the disease showed 
no virus Xo nrus was isolated from the specimens of spinal fluid removed on the third 
and sei entecnth daj-s of his illness As a result of this svsteimc infection, he developed 
antivirus in Ins blood 
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This expenmental endence suggests that the virus can produce a sj'stemic in- 
fection with fever, malaise, and prostration, but not followed by meningitis 
Such an infection has an mcubation penod of to 3 days before the onset of the 
febrile reaction, and of 6 days before the development of prostration Fever 
without other S 5 Tnptoms may recur over a three-week penod From the second 
to the tenth day after moculation, the blood contains virus A leukopema occurs 
durmg the febrile penod 

(c) Spontaneous laboratory infection The first proved case of spontaneous m- 
fection without memngitis was descnbed bj-- Armstrong and Hormbrook m 1941 
(16, 41) The clinical chart of the patient is shown m Figure 5 


V H , a 31-j ear-old vlute male, was engaged in researcli study of the virus of lympho- 
cy^tic chonomemngitis In the months preceding his illness, he handled chiefly white mice, 



Fig 5 Cottese and Essential Labobatoft Data in a Case of Spontaneotts 

L4.BOBATOBT INFECTION, NoN-iMeNINGEAIi FoBM 

(From Armstrong and Hormbrook (41)) 


which were caiT3Tng the congemtal type of infection No circumstances in his history 
throw anj light on the possible incubation penod of his illness (42) 

On March 11, 1940, he noticed troublesome pains in his arms, shoulders, and back His 
temperature was 99 4°F On the following daj' he felt ill, lost his appetite, and complained 
of increased lumbar back pam The back pain became more severe and required codeine 
for rehef Phj sical examination was negative with the exception of a flushed face The 
temperature rose to 101 3°F , fell to normal for a day, then rose again in a second waie of 
fever, which lasted four daj s, and returned to normal A white blood cell count on Alarch 
15 re\ ealed a leul opema of 2900 cells The chief simptoms were backache, marked prostra- 
tion, and weakness 

Although the acute illness lasted only one week, weakness and prostration persisted 
dunng the following week However, the evemng temperature did not nse above norma 
during this second week No headache, vomiting, stiff neck, or photophobia dev elope ^ 
after this sj stemic infection Neurological examinations dunng the course of his illness 
were completelj negative 
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The ^irus of Ijmphocytic chonomemngitis was isolated from his blood on hlarch 15, 
the fifth day of fever Blood drawn from the patient four months before this illness (Ko- 
rember 22, 1939) showed no protective antibodies However, serum drawn sis weeks after 
the illness (April 28, 1940) showed strong protection 

Case summai ij This influenza-hke, chmcal picture was characterized bj’ fever 
of 100 to 104°F of one week’s duration It was accompanied by prostration, 
p mn m the lumbai back, the aims, and the shoulders, weakness, and anorevia 
The vuus of Ijmphocjdic choiiomeningitis was isolated from the pabent’s blood 
durmg the illness, and antnnius developed m his semm after a short convales- 
cence This IS the onlv pioved spontaneous case of S 3 ^stemic infection with the 
virus of IvTnphocjdic chonomemngitis In addifaon, another probable case will 
be bnefl}' described because of the unusual chmcal picture associated with it 
A pwhabh case of 7ion-viein7igeal tnfechon Yamarat (40) developed a bnef 
lUness durmg the couise of lesearch work with the vnns of Ijmphocj'tic chono- 
menmgitis He was engaged chiefl 3 ' m the isolation of the virus from gcey mice, 
although he also handled evpermientall 3 ' infected white rmce 

On Febiuai 3 * 25, 1940, he had an attack of folhcular tonsiUitis, which lasted 
four da 3 's with a tempeiatme of 100°F He complamed of severe, dull, 


TABLE 3 

The chmcal forms of infection with the urns of lymphocytic chonomemngitis 


FORit 

i2%CEPHAroirYixmc rosii 

^o^-la^a^czAI. roRir 

1 Systemic illness 

1 Systeimc illness 

1 Systemic illness 

2 ^lemngitis 

2 Encephalomyehtis 


3 Commlescence 

3 Convalescence 

2 Convalescence 


fiontal headache foi one da 3 ’ From this illness he rapidl 3 ' recovered with no 
signs of memngeal infection 

No attempt to lecovei a vnius fiom his blood was made On November 15, 
1939, thiee months befoie this lUness, lus serum showed no protecbve antibodies 
One month aftei the illness, Maich 23, 1940, his serum did show shght protection 
This clinical pictuie of fevei, headache, and tonsillitis is qmte different from 
S 3 mptomatolog 3 ' m the piov ed case of non-memngeal infection The vanabiht 3 ^ 
m S3mptoms pioduced b3' a S3'stemic infection with this virus wiU not be known 
until a senes of piov cd cases has been observed 

4 An ouihnc of the chmcal picture The thiee chmcal forms of mfeebon fit 
mto a smgle pattern (Table 3) In all t 3 -pes of this disease, the virus fiist mvades 
the blood sti earn and produces a pi odi omal or s3-5temic illness After this, m the 
memngeal and eiiceplialoniyehtic foims of infection, the virus mvades the central 
nervous sv'steiii In the uoii-memngeal infection this second phase does not 
occur In all foims tlicic mav be i peiiod of slow convalescence 

In the follov iiig outline, the sv stenue illness produced b 3 * the virus m all three 
tv-pes of infection will be summai ized as a smgle picture Then the central 
nervous s 3 -stom eftects of vnus mvision will be described In each form of m- 
fection the iiatuie of the com alescence will be renewed 
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(a) Prodromal or systemic infection (1) Incubation -period From IJ to 3 
days after experunental moculation of the virus into human bemgs a fever de- 
velops and the imis is present in the blood The prodromal sjTnptoms develop 
five to ten daj’^s after exposure to the nrus, and the5'' are of 7 to 20 daj's’ duration 

(^) Symptoms Feier, ra n ging from 100 to 103°F , usually occurs m two or 
three waves, one of which ina5' last a week Chilly sensations and unusual 
warmth may be noted Between the undulations of the fever the temperature 
mai' be normal for several da3's Usually a remission of fever occurs before the 
onset of memngitis or encephalom3’’ehtis Grippe, characterized by malaise, 
generalized pams, lumbar backache, and muscle aches, frequently forces the 
patient to go to bed "With remission of fever, he feels well and gets up Phys- 
ical fatigue, ueaLness, and lethargy are often noted An upper respiratory in- 
fection oecasionaIl3' occuis from one to two weeks before the onset of memngitis 
The patient ma3’’ complam of a cold, cough, sore throat, tonsiUitis, or bronchitis 
Mild headache and light-headedness ma3’' be noted A relativ^e euphoria sometimes 
accompames this S3^stemic lUness Considerable loss of weight may occur 

(5) Physical signs Fever, a flushed face, and occasionally an inflamed throat, 
are the onl3^ positive ph3'sical findings 

(4) Laboratory findings Dunng the prodromal illness, the virus is present m 
the blood There is a defimte leukopenia, with granulopenia and relative lym- 
phoc3'tosis and monoe3i:osis at first After a few da3's an eosmophiha of 5 to 
8 per cent ma3’ appear (43) 

(b) Central nenous system infection Meningitis {!) Incubation period After 
a penod of 15 to 23 days, there is an acute onset of fever, headache, and vomitmg 
This menmgeal reaction, which lasts from 7 to 30 days, graduall3’- recedes and is 
followed b5' recover3' 

(2) Symptoms Fei’er usuall3' vanes from 101 to 104°F and is accompamed by 
chdlmess without shaking chills After 1 to 3 weeks the temperature falls to 
normal b3' h^sis Headache is usuall3’^ generalized and bilateral Nausea and 
vomiting are associated with a loss of appetite These three s3’mptoms of menm- 
geal imtation are present m nearty all cases (Table 4) Lumbar bacluiche occurs 
frequentlv- Drowsiness, disorientation, or memory defects for recent events may 
be noted occasionall3' Physical weakness and fainting may accompan3^ an m- 
adequate food mtake with fever Abdominal and thoracic pain haie been re- 
ported Constipation ma3' appear before the onset of memngitis and persist for 
several da3's 

(3) Physical signs The temperature may be markedl3’’ elevated with a normal 
or onl3’’ shghtb' accelerated pulse The tissues are often dehydrated, and there 
ma3’ have been a weight loss of 10 to 20 pounds m the precedmg three-week 
penod Photophooia is often marked, and it usuall3' persists longer than the 
memngeal signs Slight papilledema occasionally occurs m association with 
mcreased mtracramal pressure Stiff neck is nearl3’^ alwa3'S present, although the 
patient often does not complam of it FTuchal ngidit3^ onl3^ lasts a few da5^ 
Kemtg’s sign is positive m more than half the cases (Table 4) Brudzinskis 
neck and leg signs and Guillain’s sign are less frequently demonstrable Lo- 
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cakzed rcfcx changes (hvperactiTity or hj-poactivitT.*) occur m one-half of the m- 
diTiduals The knee jerks mar disappear for a week and then return to normal 
In one case an absent triceps Jerk was the only reflex change A transient 
Babmski sign occurs m one-third of the cases Shght muscle weakness and oc- 
casional abdominal muscle spasm may occur There are probably no skin man- 
ifestations m this disease However the presence of dry scaly skm on the ex- 
tremities m two cases may be related to this virus infection 
(i) Laiorafory fndings a) Blood A normal irh^fe blood ccU couuf and a 
normal dwererhad count are most frequently found Although the leukocyte 
count usually varies between 6 000 and 11 000 cells it occasionailt* is as high as 
20 000 cells per cu mm with the mcrease mainly in the polymorphonuclear 
leukocytes Xo anemia develops m this infection On the contrary there is 
often an mcrease m the red hhod cell count of 1 to 2 milli on cells per cu mm 
The sedimentation rate is normal or slower rban normal In one case it did not 

TABLE 4 


TTc j’-tguenej of fipis end sir^plor'S n irr r emnccal prase of SS eases oj Ij^procji'c 

cfono^’crinciLs 

(Modified from Baird and Rivers (31)) 
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nse above 4 mm per hour throughout the meningeal phase of the illness while 
tn a second case it was 10 mm per hour. The virus can occasionally be isolated 
trom the blood during the flrst few days of meningitis but after that it is no longer 
detectable At this phase of the infection no complement Sxing or neutrahzmg 
sntibodis are pi^ent m the blood 

f>) Cerebrospinal fiuid The fluid is usually clear or shghtly turbid and it 
^r^^tely shows a nbrm clot on standing It is under normal or mcreased pressure 
The maximum ceU count m the fiuid vaiis m proved cases from 63 to 3 200 cells 
I>£r cu mm. of which 95 to 100 per cent are usually lymphocytes In a few 
cases only SO per cent of the cells may be lymphocytes A small percentage 
of large mononuclear cells and polymorphonuclear leukocj'tes may be present 
However, the reaction is predominantly lymphocytic m the sp inal fimd In 
one half of the cases the ceU counts rose above 1200 cells per cu mm. durmg the 
early menmseal nhase 
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The sugar content is usually normal, although it may be reduced to 35 to 40 
mgs pel cent This reduction is associated Tvith a Iotv normal blood sugar in a 
fastmg peison The chloride content is usuall 3 ^ normal, but it too maj^ be reduced 
as a result of romitmg and depletion of serum chlondes The ‘protein content 
IS usuaUj' shghtlj' elevated to 50 to 200 mgs per cent, although it maj' remain 
normal The colloidal gold reaction is usualli' normal, but anj' form of cuire 
ma 3 ’ occur A change m the menmgitic zone is most common 

The I'll us can be isolated fiom the flmd durmg the first 7 to 10 da 3 -s of menm- 
gitis, but after that time it is no longer detectable Stamed smears show no 
organisms, and cultures of the flmd aie negative 

c) Urine Noimal 

(c) Central nervous system infection Encephalomyelitis (f) Incubation pe- 
riod After a prodromal illness of two to three n eeks, an encephalom 3 nhtis may 
develop 

(2) Symptoms Along ivith fever and headache, mental confusion and hal- 
lucinations appeal The patient is drowsy, and there ma 3 ' be aphasia or diplopia 
Complamts of tendei, painful, and Tveak muscles ma 3 ' be followed by complete 
paralysis m the legs Tingling and numbness of the extremities occur There 
ma 3 ’’ be transient urinary retention 

(3) Physical signs The patient’s memory for recent events is fragmentari 
and he ma 3 ' be disonented Shght bilateial papilledema of the optic discs may 
be present Due to muscle weakness, he mav* be unable to sit up, to raise his 
legs, 01 to walk In one case facial paralysis n as complete and permanent 
Loss of sensation ma 3 ' develop m the extremities All tendon reflexes disappear, 
and Babinski’s sign ma 3 ' be present 

(4) Laboratory findings The spinal flmd and blood studies reveal the same 
picture as that found m the memngeal form of infection 

(d) Convalescence (I) Systemic form Smee the tttus does not mvade the 
central nerrmus S3'stem, the patient recovers complete^ after 1 to 2 weeks of 
ph3’Sical fatigue and malaise 

(2) Meningeal form After the menmgeal irntation has subsided, the pa- 
tient’s health returns to normal m 15 to 60 dav’S Shght /erer usualb' contmues 
for 1 to 2 weeks with an evenmg nse to 99 5° to 100°F The weakness and 
fatigue accompan 3 Tng the menmgitis slowb’ disappear m a few weeks The 
appetite returns and there is a slow weight gam The altered reflexes return to 
normal durmg early convalescence The cellular reaction m the cerebrospmal 
flmd usuall 3 ' decreases to 10 to 15 cells pei cu mm withm 4 to 6 weeks after 
the onset of menmgitis, although a moderate cellular reaction has persisted m a 
few cases for 4 to 6 months Although recover}’’ is usuall}' complete, personahty 
changes, prolonged fatigue, headache, impaument of memor}', mental depres- 
sion, dizzmess, and strabismus are occasional sequelae (27, 28, 44, 45) In one 
case there were five attacks of menmgitis ot er a fii e-month penod, finall}' fol- 
lowed b}' recover}' (26) In another instance, cliromc arachnoiditis developed as 
a complication of h-mphocy-tic chonomemngitis (24) This patient 
a spastic paraplegia, which was not reheved by surgical mten-ention Of t e 



EvFECTIONS ‘WITH ‘STBUS OF LTMPHOCTTIC CHOEIO^IE^rrXGI^S 


19 


proved cases of tins infection none have been fatal, although fatal cases of acute 
aseptic meningitis have been described, several of vhich probably vere due to 
chonomenmgitis nrus 

(S) Encephalomyelihc form Recoverj' from encephalom 5 'ehtis is prolonged 
and may not be complete In the reported cases somatic sensation and bladder 
function retmned to normal Hovevei, one patient had a permanent paralysis 
of hei legs, and anothei one had a persistent right facial palsi*. Alterations m 
reflexes mai’ be permanent 

In all forms of infection with this nrus, complement fixmg and neutrahzmg 
antibodies develop m the patient’s serum after recoverj- 

E Lymphocytic choriomeningitis iirits 

1 Historical The inrus of Ij-mphocj-tic chonomemngitis was discovered 
m 1934 bj' Armstrong and Lalhe (11) m the course of studies on St Louis en- 
cephahtis inrus hlaterial fiom one patient, after 5 senal passages through 
monkej's all of vhich developed the tj-pical pictuie produced bj' the St Louis 
nrus, was moculated mtraceiebiaUj- mto a sixth monkej* unmime to the latter 
agent In this animal a disease charaetenzed bj* fevei , tremors, sluggishness, 
and a Ij-mphocj-tic menmgitis, appealed on the fifth daj- aftei moculation 
This disease was transmitted to other monkej-s, mice, and giunea pigs, and 
was shown to be due to a filtiable nrus, which was named the inrus of Ij-mpho- 
cj-tic chonomenmgitis, because of the pathologic picture it produced The 
authors suggested that this in us might plaj* a lole m human disease since it 
was so readilj' ti-ansmissible to other ammals, and noted that the monkej* disease 
closely resembled IVallgien’s “acute aseptic memngitis ’ The foUowmg j'ear, 
Armstrong and Woolej- (21) reported the isolation of this same nrus from the 
bram of a patient with a pecuhar encephahtis, and from the bram of a monkej* 
moculated with a monkej- sti am of pohomvehtis \-uai5 Thej- studied 166 human 
sera for protective antibodies and noted that three gave strong protection 
One of these was from a patient who had had an encephahtis m 1934, another 
from a laboratorj- attendant who occasionallv handled mfected monkej-s and 
who had had “gnppe” m 1934, and the tlmd from a patient who had recovered 
from typical “acute aseptic menmgitis ’ 

In 1935, Traub (17) described a spontaneous disease wluch n as endemic m a 
colonj- of laboratoij- white mice He found that 50 per cent of the colonj* was 
infected, but sjmptoms appeared m less than 20 per cent, while onlv 2 per cent 
died Sj-mptomatic infection occurred onlv m mice 2 to 6 n eeks old, but the 
presence of i-inis m older mice that seemed pcifectlj- well could be demonstrated 
bj- the mtraceiebral injection of sterile bioth This was foUoned bj- the de- 
velopment of a disease characterized bj- com-ulsions, spasticitj*, and death, 
which was seriallj- tiansmissiblc bj- intraceiebial mjection to normal mice or 
• gumea pigs 

Shortlj- thereafter, Rii ers and Scott (IS) reported tlie isolation of a i-irus from 
two patients vith “acute aseptic menmgitis” and proaed its etiological role m 
their disease An admirable desciiption of the procedures used will be found 
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m the papers of Scott and Rivers (23), Rivers and Scott (46), and Rivers (15) 
The three groups of vorhers vho had discovered these vtnises evchanged mate- 
rial, and it was shown conclusively cross neutrahzation tests that Armstrong’s 
monkey Aims, Traub’s mouse virus, and Rivers’ and Scott’s human virus were 
identical (46, 47, 48) 

Subsequently , isolation of this mrus has been reported from human cases of 
aseptic memngitis and from animals m various parts of the world and serologic 
pi oof of its etiologic role m a number of cases of human disease has heen es- 
tabhshed 

2 iS'ature of the virus (a) Size In size ] 3 Tnphocytic chonomenmgitis 
belongs with the smaller, but not the smallest viruses It wdl pass through 
Berkfeld V, N and W filters (46) and a Chamberland Ls candle (49) Although 
Scott and Rivers (46) reported that it was partiall 3 ^ retamed b 3 ’' a Seitz filter, 
Casals-Anet and Webster (50) used repeated Seitz filtration to separate it from 
rabies virus The latter was held back, while the \urus of chonomenmgitis 
appeared m the filtrate 

The results of all attempts to measure the size of a nrus by ultrafiltration 
depend upon the nnilence of the mms and the delicacy of the method for de- 
tecting its presence m the filtrate Thus Rivers and Scott (46) ongmaU 3 " oh- 
tamed a size of 150 to 100 millimicrons for chonomenmgitis lurus by filtration 
through graded collodion membranes The filtrate was tested to see whether it 
would produce S 3 Tnptoms of the disease m mice Scott and Elford (51) devised 
the more dehcate techmque of testmg all moculated mice for imm unity The 3 ’' 
obtamed the revised figure of 40 to 60 millimi crons, which compares favorably 
with then figure of 35 to 55 millimicrons obtamed by ultracentnfugation 
Casals-Anet and Webster (50) isolated an exceedingly nrulent stiam of the 
virus from then rabies tissue cultures and obtamed a size of 33 to 50 millimicrons 
b 3 ’ ultrafiltration Smadel, Baud, and Wall (52) were able to concentrate the 
vinis by high speed centrifugation at speeds of 20,000 to 30,000 r p m for 30 
mmutes, but not at speeds of 3500 to 5000 r p m 

(6) Preseriation and stability Most workers have found that infected tissues 
retam then nnilence for long penods when presen'ed m neutral buffered gb^c- 
erme at 5°C , when frozen rapidly and kept at — 40°C (46, 49, 53), or when 
desiccated from the frozen state Smadel and his co-workers (52) found that 
the ^•lrus detenorated rapidl 3 ' m salt solution or vanous buffer mixtures, but 
that it was stable enough to sumve such procedures as filtration and ultracentnf- 
ugation when it was suspended m ph 3 -siological salme contaimng 2 per cent 
mactiiated normal gumea pig serum Lepme’s stram isolated from Parisian 
white mice was likewise unstable at room temperature and would not sumi e 
desiccation unless it was first frozen (49) In our v ork, we hai e found con- 
siderable differences between strains A standard laboraton* stram lost its 
virulence m an hour or two at room temperature, whereas two freshh' isolated 
strains, one from a patient and another from wild mice, were much more stable 

(c) Cultnation of the t irus Bengston and Woole 3 '^ (54) n ere the first to culti- 
vate the virus of chonomenmgitis TJsmg one of Armstrong’s strains, the} 
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earned the Tims through S passages by moculatmg the chono-allautoic mem- 
branes of 11-day chick embryos The virus present m the ground bram and 
membrane of the embryo could be filtered through a Berkfeld X candle and con- 
centrated by centrifugation at 15,000 r.pm before passage ^irus was found 
m the membrane hver bram and ammotic fimd The embryos took longer to 
die tIibti mice and as with many other viruses the newly hatched chick was 
found to be mimune 

ilacCallum and Fmdlay (55) made a very thorough study of the properties 
of this virus m tissue culture carnang 3 strains for 270 3S and 35 subcultures 
at d-daj intervals The ilaitland method was used with a medium of 1 part of 
normal human serum and 9 parts of Tyrode s solution m which mmced chick- 
embryo tissue was cultivated Their most mteresting Sndmg was a change m 
the virus which occurred at about the 66th passage It then produced a disease 
of several days’ duration m imee charactenzed by flaccid paralysis instead of 
the usual brief illness temunatmg m spasncity and convulsions At the same 
tune, the virus lost virulence for gumea piE but its onginal properties could 
be restored on mtracerebral passage through gumea pigs 

The virus of chonomenmgitis has been inadvertently culuvated m tissue 
cultures at least once Casais-Anet and Webster (50) encountered it as a con- 
tammant m their rabies virus tissue cultures They felt that it came from 
the monkey serum rather than the mouse brains since there was an epidemic 
of choriomeningitis infection among the stock monkeys at that tune Laigret 
and Durand (56) reported the findmg of a virus with many similanties to chono- 
memngitis virus m the mouse stram they used for raakmg mouse bram yellow 
fever vaceme They isolated the same virus from the spmal flmd of a man who 
developed bemgn lymphocytic menmgitis foUowmg yellow fever immunization 

(d) Pathogcivciiy (1) Tficc (f) Kaiural uycction. As mdicated above 
choriomenmgitis virus is a naturally-occurnng parasitic agent m mice It has 
been isolated from strains of laboratory white mice m the IJmted States (17), 
England (27) France (29), and Japan (30), and from grey imee (mus viusculus) 
in the Tmted States (40 57 oS, 59) 

The spontaneous disease produces a very different dmical picture from the 
artificial one resultmg from mtracerebral mjection of the virus Traub has 
made a veiy careful study of this infection m a colony of white nuce smee he 
first isolated the virus from them m 1935 (17) When the disease was first ob- 
served (4S) he noted that about 50 per cent of the mice m the colony were 
infected but that only about 20 per cent of these showed symptoms of infection 
These were emaciation somnolence, and slow growth and were observed only 
among the mice of from 2 to 6 weeks of age Mortahty among infected rmce 
was less than 2 per cent, and almost aU of them recovered completely He 
used two methods to detect infection direct isolation of the virus by the mtra- 
cerebral mjecnon of suspected material mto gumea pigs or normal mice or its 
mdirect demonstration by the mtracerebral mjection of sterile bomilon Fol- 
lowmg the latter procedure as infected mouse would develop convulsions in 3 
to 13 dar-s and the virus could be isolated from the bram at death Traub 
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loHud th Al the virus m'rs present in the blood, bnm. urine, and n isal secrehoiis 
ol the n itUMlly luieeted iiiiee, even though tlier showed no sniintom^ 
w lutsoerer 

In suk'^equent v-tiidie^, I'kiub ((50, (51) noted two t\*pes ot uiiinumtv in mice 
that hid been iiiturallv inlected ‘ iiiteetioii iniimimtyd’ in which Mnis per- 
^lsted 111 the bodv for long periods ot lime, and "sterile inmiimitv,” in which 
(he mouse wms l\5sI^(ant to iiifeetioiL but neither vmis nor neutMlming iiitibodies 
wvre iiivseiit in the peripheral blood He found that idrus seemed to persist 
longest 111 the iiiiee it tliey w'ere naturally inlected j?i lu'cra oi by contact soon 
alter bnth it the disease were se\'ere as m evpenmentallA* inlected older mice 
or It a pirticuhrhv virulent slraiii ot A'lriis weie used (02) By segreg-iting a 
group ot intected mice for studv ni sep irate cages, Traub (35) wms able to folimr 
the nitural course ot the uiiection m a closed unit Under these artiticnl con- 
ditions 100 per cent ot the mice became inlected and mnis persisted in the 
blood urine, and ii is,il w-asluugs tor at least 4 to 5 months He found th it mica 
were treqv'entlv inlected in uteco, and the young mice then showed a high nici- 
deiice ot smiiploms wnlh a mortality rate I'arniig troiii 0 to (50 per cent It 
older mice w'ere addeil to the colony and uUected by contact, thev developed 
no sjuiintoms, but became immune Bv the use ot screened cages he came to 
the conclusion tliat conract intectioii probably occurred by way ol the nis.il 
secretions rather than the urme In an attempt to tind the source ot intection 
lor their laboratory mice Traub (rapped a 1 irge number of wnld mice about the 
buildings but was uii iblo to demonstrate endeuces of mtectioii m a significant 
number ol them In a recent paper Traub his summarized the chinges tint 
have taken place m thi> disease m his mouse stock diiniig four yeara (63) The 
inlccv von origin ill^v prodiiced swuintoms in ui my and death in some mice inlected 
511 utcre (rain\' W'ere inlected by contact alter birthl Xow 100 per cent ol (he 
mice icquiie the intection ?<! utere and remiin ca’rieis throughout hie, \nth 
\anis 111 their orgiUK and blood At uresent the vini-^ produces snnptonis oiilv 
111 suckling iiiiee from a mnis-lree stock, and evnenmeiitallv-iiilccted mice never 
trausmit the infection to others 

Hia-- ((541 hts made a simihr study m wdiite mice, and hi< findings coiifinn 
those ot Traub He noted that mice miecled ? i «/c"a or in earlv iiif uicv tended 


to transmit the inlection to their o’tsuring and contacts Mice infected liter 
reaching m jluriti' reiamevi oiilv active xnni^ lor a short period and such fem ilea 
did nor traiisiiiit the direase to their young except w'hen pregiimt it tlie time ot 
iiioein it.o.i Contact infect on occurred wheu exixi'-ure through sexuil coii- 
(,tct, uriiie ,ind locos was elmiiiiited thu-: eiiiphisizmg the importance of salivi 
,ind iiiseil secretLOii- ui the traiiMUiss.oii of the iiitiiral di-nxisa in mice In- 


stilhtioii ol ■remea Irani mlectad miles into the vagiiiis of iioniiil lemiles pro- 
dree-a intectioa in a niuaber ol nvee but these leiii lies h ii'e 1 iter produced litters 
ot umnlceted niiee H i,is re.xivered \nnis irom pxioled icces ot inlected mice 
but when tres'i mice w'ore pi iced in .in uiiele.ired cage mb. ibited tor 22 d lx's b\ 
mtecUxl mice, and in wduch contact miect.oii h id occurred none ot them con- 
tractor! die disc.iso Seven ii iturallv intected hovso mice trinped m W .tshington 
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homes showed no symptoms while observed for 5 months, but were able to trans- 
mit infecnon to normal white mice placed m the cage with them These mice 
hkewise showed no symptoms The authors (59) were able to demonstrate 
the in iitcTo transmission of the natural infection m house mice by isolatmg 
virus from the pooled organs of a pregnant female grey mouse and also from the 
fetuses removed from her m such a way as to avoid cont amina tion with her 
blood 

Thus, there seems no doubt that the natural infection m mice is usually ac- 
quired in utcro or m very early hfe and that it passes from generation to genera- 
tion as an asymptomatic congemtal infection !Many of these mice are earners 
of active virus and excrete it m their urme feces, semen and nasal secretions 
(lO Expcnmcnlal vifcaton When uninfected mice are mjected with virus 
there is a marked difference m the results dependmg upon the route of mocuiation 
(11 15 46 48) With subcutaneous mjection most mice develop immumty 
m a few days (65) without any symptoms but an occasional mouse may appear 
ill for a few days and recover On mtrapentoneal mjection the results are 
similar, but with highly virulent strains of virus and particularly with strains 
isolated from naturally infected mice a fatal lUness may be produced 

Intracerebral mjecuon however produces a characteristic and fatal disease 
with great regulanty, once a virus stram has had several mtxacerebral passages 
m mice The mcubation penod is 5 to 6 days and the illness itself rarely lasts 
more than 1 to 2 days unless the mice recover On the sixth or seventh day 
the mice begm to he parallel to one another huddled at one side of the cage with 
their hair ruSed and eves hah* closed If carefully observed for the next 24 
hours they may be seen to develop seizures characterized by dome convulsions 
of the whole trunk and finally a spastic extension of the hmd legs The latter 
pomt IS characteristic of the disease and mice found dead m the cages show 
marked rigor mortis with the hmd legs m full extension and spread apart !Mice 
often die with then first seizure but some may have several before death Sei- 
zures can be mduced m sick mice by twuhng them by the tail When the con- 
vulsion starts the tail vibrates like a taut musical strmg with occasional violent 
jerks and after a few moments the hmd legs slowly go into their characteristic 
extended p>osition Such a mouse when returned to the cage either dies verj* 
qmckly or hes on his side gaspmg for a few moments and then begins to drag 
himself around with his spastic hmd legs and tail extended Death usually 
occurs from the 7th to the 10th day after mocuiation IMost mice that survive 
the tenth day recover, though they may appear dirty ill-kempt hstless and 
emaciated for a week more After a while they begm to eat and about three 
weeks after mocuiation look like normal mice agam Intracerebrally mjected 
mice who have s\-mptoms but recover are immune to subsequent mtracerebral 
mocul'-tions In our experience those that do not show symptoms hate no 
significant immumty but this is somewhat at variance with the general ex- 
perience 

(21 Guinea pigs Ingmneapigs lymphocytic chonomenmgins virus produces 
a rather different but quite charactensne clmical picture (11 15 46 48) Spon- 
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taneous infection of guinea pigs may occur and can cause a considerable mor- 
tabty Sbaugness5’’ and Zichis (66) have shown that not onl}’' can the virus 
penetrate the hghtlj’ scarified skm of these animals, but it may also produce 
infection when dropped on the unbroken skin The experimental disease is 
essentiallj’ the same, regardless of the route of mjection, whether subcutaneous, 
mtrapentoneal, or mtracerebral, although the mcubation period and course are 
shorter bj" the latter route After an mcubation penod of 2 to 4 daja, the 
an i m al develops a fev'^er (104° to 106°F ), loses its appetite, and begins to look 
dirtj^, ruffled, and sick Conjunctivitis and diarrhea mas’’ occur after a few 
daj's The most stnkmg change is the progressive emaciation which becomes 
v^ei^" noticeable shortlj'' before death ]\Ian3' of the animals dev^elop labored 
breathmg and become so weak that when placed on then- side they are unable to 
nght themselves Dependmg upon the vnrulence of the stram, death occurs 
from about the 8th to the 16th daj’' After the penod of fev er, the temperature 
falls qmte charactensticall3^ to subnormal levels for a da3’- or two before death 
The picture of emaciation, weakness, and charrhea m the latter stage of the 
disease is one that ma3" be qmte difficult to differentiate from scurvy Vmis 
ma3’^ be isolated m large amounts from the blood, spleen, adrenals, and lungs of 
the anim als d3Tng of the disease (67) Gumea pigs do not become earners of 
the varus after infection 

(5) Monixys In the monke3’-, spontaneous l3’mphoc3dic chonomemngitis 
IS a disease qmte similar m man3’' wa3^s to the human disease Inapparent and 
relativel3" as3-mptomatic infections ma3’- occur, as evadenced b3’- the number of 
monke3^s found to have neutralizmg antibodies (21, 37, 50) On the other hand, 
s3anptomatic infection also occurs, and Coggesball (68) has recently reported a 
vmi3' severe epidemic due to this varus m a group of monkeys m his malana labora- 
toi^' This infection mvolved the respuatoi^^ tract and serous cavaties pre- 
dommanth', and the monke3’S had bloody nasal discharge The possibilitj' 
of mosqmto transmission was raised, smee he showed that Aedes aegypti could 
transmit the disease from infected to normal gumea pigs 

jMonke3’s can be infected b3^ hght scarification of the skm, 63’' instillation mto 
the methra or vagma (37, 69), and by subcutaneous, mtrapentoneal, or intra- 
cerebral inoculation (11, 37, 46, 69) The latter method produces the most 
regular results The animals develop fever 5 to 14 da3^s after moculation 
This lasts a few da3'S and is followed b3' anorexia, sluggishness, and mild tremors 
or h3T)eresthesia At this later stage a ]3miphoc3’tosis as high as 1500 cells 
per cu mm ma3* be found m the spmal flmd Armstrong and his associates 
(70) have shown that the virus is widel3" distnbuted throughout the bod3' m 
infected monke3’s with the greatest concentration m the blood, bone marrow, 
spleen, adrenals, hmph nodes, kidne3', hver, and testes, particularly m the blood- 
fonnmg organs and the adrenals, as m gumea pigs The mortaht3 m monkej's 
apparentlv- v anes considerabl3’- with the stram (37, 46, 69) 

(4) Other species Spontaneous as5Tnptomatic infection has been desenbed 
m dogs by DaUdorf (71) Ferrets, dogs, rabbits, pigs, aU show virus m the blood 
for a short tune after moculation, but neutralizmg antibodies subsequently 
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appear, and at no tune do the animals show sjTnptoms or fever (69) Eats maj' 
or may not show signs of infection after mtracerehral inoculation (11, 69, 72) 
Other species which have been shown to be insusceptible are cananes, parakeets, 
chickens, voles, and hedgehogs (69) 

(p) Man The disease m man, both as it occurs naturally and as a result of 
the inoculation of virus (infected mouse brain or blood from an infected human) 
has aheady been described 

(6) Summary It is apparent that the iirus of chonomemngitis can infect 
man, monkeys, gumea pigs, nnce, and dogs spontaneously, although frequently 
the infection mai* be asimiptomatic or only a brief febnle episode Inoculation 
of human bemK, monkeys, mice, rats, and guinea pigs may produce a char- 
acteristic and even fatal dlness m some species The distribution of the virus 
m the body is such as to group it with the blood-bome viscerotropic viruses 
Because virus is so constantly present m the blood stream there is the sugges- 
tion that blood-suckmg insects may at tunes plaj' a role m its transmission, but 
nasal secretions, sahva, and possibly urme and feces seem to be the means 
whereby spontaneous infection usually spreads 

S Related i iruses A number of viruses with properties sufficiently similar 
to justify theu consideration at this tune have been desenbed m recent years 
"We shall present the pertment data concemmg them 

(a) The virus of 'pscudolymphocyiic chonomcnvigiUs This virus was isolated 
in England by ^lacCallum, Fmdlay and Scott (73) from two cases of bemgn 
Ij-mphocj-tic meningitis m which the cell counts of the cerebrospinal fimd were 
only 6 and 40 lymphocides respectively Mnis was isolated from the spmal 
fimd of both and the blood of one of the cases It differs from the virus of true 
chonomemngitis m its size of 150 to 225 millimicrons, m its inabihti' to pass a 
Berkfeld X filter, and m its 4 to 5-day mcubation penod after the mtracerebral 
mjection of rrnce There is no cross unmimity between the two viruses 

(b) The virus of “la maladie des porchers ” “La maladic dcs porchers” 
Bouchet’s disease, or bemgn menmgotyphoid of swmeherds, is a specific infec- 
tious disease which has been observed for a number of years m the western part 
of Switzerland and the surroundmg temtoiA’ where the raismg of pigs is an 
important mdustxy (74, 75, 76) The disease occurs among those whose job 
it is to care for the pigs or who are exposed to their excreta (77), and usually 
attacks them a few weeks after they begm their dubes Frequentlj- there is a 
historj- of illness among the j, oung pigs shortly before human cases occur The 
animals become groggj-, lose their appetite develop distention and diarrhea, and 
have a simiptom known as tourniquet a torsion of the head to one side In 
man the typical disease (75 76) begins suddenly with clnlls fever anorexia, 
headache, vomitmg, diarrhea, distention epistaxis, prostration, and cyanosis 
This first stage of tj-phoid-hke illness lasts 4 to 5 days, when a maculopapular 
rash appears over the lower trunk and thighs, and defervescence occurs How- 
ever 36 to 72 hours later, after a period of comparative well-bema, there is a 
sudden onset of nolent headache, higher feter (104-105'), menmgeffi signs, and 
muscle pams Lumbar puncture at this time usually reveals massed presWe, 



26 


THOilAS -SV FARMER AXD CHARLES A JAXER-AT 


elevated protein and a maiked Ijnnphocjdosis in the spmal fluid This third 
stage lasts several daj-s to a vreek, vith a fall m temperature either by crisis or 
l 3 'sis The abnormalities of the spmal flmd disappear rapidlj' The third or 
memngeal phase maj'- not appeal at all m some patients (78) 

Duiand and his co-woikeis (79, 80) succeeded m transmittmg the disease to 
other human beings bi' blood taken horn a patient on the 4th daj', and mam- 
tamed the disease through 72 human bemgs bj’ mtramuscular mjection of blood 
Thej’ noted that the mcubation penod rras about 8 daj's on the aveiage, that the 
fever lasted vai^ung penods with an average of 9 daj’s, and that the disease 
raieh’ folloved the classical pattern Rash and menmgitis were both rare m 
their laige senes The \unis, like choriomenmgitis nrus (49), was present m 
the plasma, lather than m the red cells It passed a Chamberland Lj, but 
not an Ls candle In 3 cases out of 6 the spmal fluid contamed nrus The urme 
was foimd to contam inrus m the latter half of the disease and dunng com ales- 
cence Thej’’ also demonstrated immurnty to remoculation foflowmg the ev 
penmental disease mtrapentoneal moculation of blood from human cases 
thej' were able to pass the disease to a numbei of animal species, and then to 
carrj^ it m senes m these ammals (81) Young pigs aie susceptible and develop 
anoiema, diarrhea, cough, and fever Rats, cats, and ferrets develop fever, but 
monkej'S, rabbits, rmce, and gumea pigs are qmte resistant to moculation by 
an}’ route, thus diffeientiatmg this nrus shaipl}’ from that of choriomenmgitis 
(c) Other viruses (1) Virus D Durand (82) has reported the isolation of a 
Aims from his own blood dmmg an illness characterized b}’ an ll-da}’ course with 
fever, marked constipation, loss of u eight, asthema, and insomnia The virus 
was first isolated m gumea pigs, m whom it produced a fever followed bj’ sub- 
normal tempeiature for 2 da 3 ’S before death (moitaht}’ was 10 pei cent), loss of 
weight, splenomegal}', and pneumoma This is ^ er}’ similar to choriomemngitis 
infection, but ^'mis D produces a marked local reaction on subcutaneous mocu- 
lation m gumea pigs, uhich is also true of the lurus of menmgitis and pneumonitis 
of Francis and ^lagiU (83) The nrus is filtrable thiough Chamberland In 
and Ls candles, and is ver}’ stable, even bemg resistant to bile It is pathogemc 
for monke 3 ’s, dogs, mice, hamsters, less so for rats and rabbits The latter 
produce serum nch m neutrahzmg antibodies after moculation Although it 
produces l 3 ’mphoc 3 ’tosis m the spmal flmd of dogs and monke} s, it nei er produces 
neivous S3'mptoms oi a fatal illness m mice, even v hen moculated mtracerebraU}’ 
Two patients moculated subcutaneoush' developed local swelhng and tenderness 
followed b}’ a fevei and leukopema lastmg a v eek Virus was found m the blood 
of both and m the urme and spmal fluid of one There was no cross-immimiza- 
tion with l 3 -mphoc 3 'tic chonomenmgitis mrus 

(2) Enders and Liu (84) hai e recentl}’ isolated a similar ^’l^us from a patient 
who had a high fer er lastmg two weeks The nrus was isolated m gumea piga 
from the patient's blood 

(S) Cammopetios and his co-workere (So) have reported the isolation of a 
^•lrus from the spmal flmd of a patient with a post-iaccmal encephaldis 
Rabbits, rats, mice, and monke3’S were susceptible, gumea pigs resistant e 
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TITUS produced only mild fever minimal lesions and immumn' m moculated 
animals 

(d) Summary It can be seen from the foregomg that there are a considerable 
number of similar virus agents capable of producmg febnle illnesses m a tride 
range of species, occasionally localizing m the memnges to produce a 

rather bemsn form of menmgitis, and transmissible by the moculation of blood 
Great care must be exercised m the laboratory to distinguish betneen viruses 
denved from the panent and viruses derived from the moculated ammals 
Lymphocytic chonomenmgitis vmis has been found m mice monkei's gumea 
pies and dogs and therefore all strains of susceptible laboratory animals to be 
used m expemnental vork should first be tested for immumty and for the pres- 
ence of virus 


F. Immumfy in chononicmngihs infcciion 

1 Xa'ural immiimiy As mdicated above certam species of a m mals are 
TKistant to infection rath the virus of lymphocytic chonomenmgitis These 
are chickens parakeets, cananes pigeons cats hamsters, and voles In rabbits 
ferrets dogs and pigs mfecuon is mapparent, but may lead to the production 
of antiDodies Man (32) monkeys, gumea pip rats imce and chick embryos 
are suscepnble to infection trhich may or may not be stTnptomatic The factors 
underlymg these species’ difierences are no more clearly understood than tvith 
other VITUS mfecuons 

The so-called ‘•mterference phenomenon has been described m connection 
with chonomenmptis as with a number of other virus diseases Dalldorf has 
noted (86) that when monkeys infected with chonomenmgitis virus are mocu- 
lated with a very virulent pohomyehtis virus the pohomyelins assumes a mild 
atypical form and the amount of pohomyehtis virus m the cord is much less than 
is usually found Pohomyehtis infection also exerts seme sparing effect on 
chonomenmgitis infection Brodie s findmg (S7) that convalescent sera from 
non-pamlj'tic pohomyehtis cases would not neutralize the virus of chonomenm- 
gins 15 m Ime with the conception that this is a non-specific phenomenon The 
findmg of Lmgret and Durand (56) that previous infection of gumea pigs with 
tt-phus renders them refractory to infection with the chonomemngitis-hke virus 
present m then stock mice may be another example of this so-called para-im- 
mumty (SS) 

As prewously mdicated the sera of many mdividuals who have never had 
bemgn lymohoctiic memnpns contam neutralizmg antibothes but smee infec- 
tion with the virus can be asjTnptomatic or produce a non-specific gnppe-hke 
disease it is probable that these are the result of previous unrecognized mfection 
and not due to some natural process of maturation 

2 Acq>.t!rcd in muniiy (a) Immut Uy efter .nftc’w'i Animals which have 
recovered from previous infecnon with the virus of lvmphoc\-tic chonomemntnus 
are mimune and cannot be re-mfected by subsequent mjections of the virus 
(11 46 60) ^Iice naturallv infected in <«/rro, that are earners of virus m the 
blood and tissues behat e somewhat differently from other species In them an 
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injection of an}*' stenie imtant such as broth, starch, or a suspension of brain 
tissue intracerebrallj’^, apparently produces localization of the ■nrus, and the 
tjTiical sjTnptoms of chonomenuigitis may develop (48) Mice that have re- 
covered from contact or experimental infection after matuntj'' are not earners 
and show a sohd immumty to intracerebral injection (60) 

(b) Neutralizing antibodies are regularly found in the serum of guinea pigs 
(46, 60), monke 3 ^s (11, 46), dogs (27, 69, 71), rabbits (11, 29, 46, 48), and human 
beings (23, 32, 47), that hai’e recovered from spontaneous infection or have 
been moculated with the nrus In mice, on the other hand, the development 
of neutralizmg antibodies has not been observed, whether there was '‘sterile” 
(no virus m blood and tissues) or “infection” namuiiity (nrus present) (61) 
The most stnkmg characteristic of neutralizmg antibodies m chonomenmgitis 
IS their slow development At least 6 to 8 weeks are usually required for their 
appeaiance m the tj-pical disease m man (23, 32, 89), and a similar period is 
required m monkej^s and gumea pigs (89) Howard has reported great difficulty 
m demonstiatmg the development of antibodies m human cases from which 
she has isolated the nrus (25, 34), but other workers do not seem to have had 
this difficulty MacCallum and Fmdlay (28) faded to detect neutralizmg anti- 
bodies m the blood of a patient with the encephalomyehtic form of the disease 
twelve weeks after onset It is mterestmg that this patient was a earner, from 
whom they were able to isolate the nrus m nasopharjmgeal washmgs taken at 
this tune For the tune bemg, one shoidd be skeptical about the causal relation- 
ship of chonomenmgitis nrus to a disease occurring m a patient who fads to 
develop specific antnurus m his blood, smee infection with this nrus may occur 
spontaneous^ m the laboratoi^^ animals used for its isolation 

Neutrahzmg antibodies maj’- persist for several 3 nars after infection (47, 89), 
thus explaining their presence m the sera of 10 per cent of the general popidation 
(36) Surprismglj' httle is known about the chemistrj'^ of antnnnis Smadel 
and Wan (89) have obsenmd the detenoration of the neutrahzmg power of con- 
valescent serum stored m an ordmar 3 ’’ icebox, but have shown that it is preserved 
for at least 4 years m serum dned from the frozen state The authors have also 
noted the detenoration of a serum with a high titer of neutralizmg antibodies 
durmg a penod of 4 months Addition of equal parts of fresh normal human 


serum did not restore its potency*^ (59) 

(c) Complement fixation by' immune serum m the presence of chonomenmgitis 
■virus was first reported by Howitt (90) m a paper concerned mainly’' with the 
reaction m encephahtis Ldpme and his co-workers (91, 92) have made use of 


the reaction m the study' of human cases of lyunphocydic menmgitis Usmg a 
crude e'rtract of infected tissue (gumea pig lung taken at the height of the m- 
fection) as antigen, they' got specific mcreases of complement fixmg power m the 
serum of human bemgs, monkey's, and rabbits recovenng from infection, but for 


some reason were unable to get positive results with immune gumea pig serum 
Smadel and his co-workers (93, 52) have made a very' complete study of com- 
plement fixation m this infection They first showed that it was possible to 
separate the -virus of lymphocydic chonomenmgitis from a soluble antigen presen 
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m infected tissue br difierenual centrifugation and Seitz filtration The vmis 
tras sedimented from a suspension of ground mfected guinea pig spleen at speeds 
of 20 000 to 30,000 r p m and the remaining traces of virus activity could be 
removed from the supernatant by Seitz filtration The virus sediment vras 
found to fix complement to a very shght degree while the soluble antigen m the 
supernatant flmd gave strong fixation 

Further studies (94) on the nature of this soluble antigen showed that it was 
parciaUy concentrated m the pseudoglobulm fraction by ammomum sulfate 
fractionation It withstood storage at 3“C , heat of 56°C for thiriy' nnnutes 
although higher temperatures inactivated it and a pH range from 4 5 to 9 0. 
Fresh material gave non-specific flocculation with gmnea pig sera and non- 
specific complement fixation with human sera but after storage it was possible 
to obtam specific complement fixation and precipitation with mixtures of the 
antiuen and hyperimmune gumea pig serum Positive precipitation tests with 
the sera of human bemgs recovered from chonomenmgitis infection have not 
been reported 

Absorption tests (94) have clearly shown that the neutralizing antibodies are 
distinct from those giving complement fixation The complement fixation re- 
action has proved very useful m the diagnosis of the disease because of its ease 
of performance and the fact that it become positive sooner than the neutrahza- 
non test (S9) In man, monkeys and gumea pip, a positive complement fixa- 
tion reaction appears 3 to 4 weeks after onset whereas a positive neutralization 
test IS not usually obtained until 6 to S weeks have elapsed In rabbits, both 
antibodies appear somewhat earher In man, complement fixmg antibodies 
disappear m the couise of 4 to 6 months, while neutrahzmg antibodies have 
persisted from 6 months to 5 years It is interesting that, although mice have 
never shown antivirus in then serum, both Traub and Sbafer (61) and Bmadel 
and Rivers (95) bave demonstrated the presence of complement fixmg antibodies 
m the serum of hyperimmune mice 

(d) Acftre immunzcahon Recovery from chonomenmgitis virus infection 
produces a lasting immunity m all susceptible animal species that have been 
t^ed Traub (96) was able to modify his virus stram by senal bram to bram 
passages in white mice, so that it produced only fever in guinea pip Within 4 
days after inoculation with this modified stram, and long before the development 
of neutrahzmg antibodies m then serum, guinea pip acquired marked resistance 
to the original highly virulent stram Lyon has found that imce moculated sub- 
cutaneously likewise become resistant to intracerebral moculation m only 5 
days (65) Subsequently Traub (97) was able to produce partial mimumtv 
m guinea pip with formobzed vaccmes prepared from mfected gumea pig tissues 
t accines prepared from mfected mouse tissues were meSectire although thev 
had a higher virus content He found that normal mouse tissue mixed with 
gumea pig nsue vaccme rendered it ineffectual Repeated mjections produced 
hvp>eninmumty with circulating antivirus m a few gumea pigs 
Smadel and Wall (S9) compared the antipmc properties of their soluble anti- 
gen and virus separated by centiifuption Suspensions of washed and 
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formolized attus produced both complement fixmg and neutralizing antibodies 
and an active immumty m normal guinea pigs On the other hand, formalin- 
treated virus-free extracts of infected tissue produced no complement fixmg 
antibodies or immumty m normal guinea pigs This soluble antigen was, how- 
ei'er, capable of producmg a marked mcrease m complement fixmg antibodies m 
immune gumea pigs 

S Summary Infection ivith the nrus of choiiomemngitis produces resistance 
to reinfection within a feiv days In 2 to 4 weeks the animal develops comple- 
ment fixmg antibodies to the soluble antigen found m infected tissues, and m 
6 to 10 weeks neutrahzmg antibodies capable of protectmg other susceptible 
animals agamst infection with the nrus hlice are exceptions m that neu- 
trahzmg antibodies are never found in then blood oi tissues In man, both t}'pes 
of antibod3’’ appear m lesponse to infection, although the appearance of neu- 
trahzmg pioperties m the serum maj’' be delajmd for many weeks While com- 
plement fixmg antibodies usuaU3’' disappear wnthm 6 months, neutrahzmg 
antibodies ma3’ last a number of 3mars ActiA'e rmmumzation has been possible 
m gumea pigs with formohzed gumea pig virus 

(7 Pathology 

1 Animals In the cluck emblem, mfected at 11 da3fs b3' moculation on the 
chono-allantoic membrane, the disease is frequentty fatal Lilhe ( 98 ) has noted 
ver3’’ mmor non-specific lesions m the viscera and membrane, with the most 
stnkmg finding “an mcreased tendenc3’^ to maturation of m3*eloid collections 
toward pol3Tnorphouuclear leukoc3i:es ” 

In mice ( 11 , 15 , 27 , 29 , 46 , 69 ), the lesions var3’' somewhat with the toute of 
moculation FoUowmg mtrapentoneal moculation, particularl3^ with a stram 
freshl3^ isolated from mice, the most extensive lesions aie nsceral, and consist 
of pallor of the hver, bronchopneumoma, and frequentl3r pleural, pencardial, 
and peritoneal exudates ( 16 , 59 ) On section the hver shows capiharj' engorge- 
ment, small aieas of necrosis, mcrease and swellmg of the Kupffer cells, and 
infiltrations of l3miphoc3’tes, monocj^es, plasma cells, and some poljnnorpho- 
nuclear leukoc3des The bronchopneumoma is of the mterstitial t3Tie, and 
the exudates that ma3' be found m the serous canties show l3Tnphoc3i:es and 
large mononucleai cells Other organs show comparativel3’’ httle change Fol- 
lowing mtracerebral moculation, the stnkmg lesions are confined to the central 
nen'ous S3Rtem, but changes m the hi'er ma3’^ be present and mterstitial pneu- 
moma is iisuall3' obseiwed Macioscopicall3' the bram shows onl3^ congestion 
but microscopicall3' there is a marked infiltration of mononuclear cells mto 
the menmges, i-entncles, and choroid plexus The meanmgeal changes are most 
marked at the base of the bram Pern ascular cuffing m the bram substance is 
rareW found, unless the animals are killed several weeks after recoi er3 

In rats moculated mtracerebrall3', the changes are A'er3' similar to those found 
m mice, although usuaU3’- the3’- are less promment ( 29 , 46 ) Fmdla3^ and Stem 
report more pol3Tnorphonuclear leukoc3i:es m the exudate than with other 
species ( 69 ) 
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In sumea mss lesions of the lungs predominate while the m enin geal reaction 
IS nunimal even after mtracerebral mocolation (15, 17, 46 69) Some round 
cell infiltration of the menmges and ventricles is lound but the st nk mg change 
is the evtensive mteistitial bronchopneiunoma and the marked emaciation of 
the animal 

In monket's the pathology seems to depend as m nuce on the type of infec- 
tion In a hiahly virulent epizootic among his stock monkeys due to this virus 
Coggeshall (6S) reported purely visceral lesions consistmg of bronchopneiunoma 
and pleural and pericardial effusions Fmdlay and Stem (69) observed pleural 
effusion m a monkey moculated mtrapentoneally ^Microscopic visceral lesions 
in monkeys consist of round cell infiltrations m the hver kidneys adrenals lungs, 
heart muscle and pancreas Congestion and hemorrhagic consohdation of the 
lungs and focal necrosis m the hver are often found Swellmg and hyperplasia 
of the reticulo-endothehal cells of the spleen hver and hunph nodes are usually 
seen !Mo5t studies have been made on mtracerebrally moculated animals and 
m them viscexal lesions though present are overshadowed by the characteristic 
choriomemngitis which gives the infecnon its name (11 15 46 69 99) The 
choroid plexus shows a dense infiltration of mononuclear cells between the walls 
of the chorotdal vessels and the surrounding ependymal layer producmg a 
marked mcrease m size of the vilh The mvolvement of the menmges is usually 
less stnkmg but present It is the contrast between the extensive mvolvement 
of choroid plexus and menmges and the minimal lesions wiihm the bram sub- 
stance itself which makes the pathology of this infecnon so different from that 
of other virus infections of the central nervous system 
Inclusion bodies have not been observed by most workers (11 46 99) How- 
e'^er DaUdorf (71) felt that he could diagnose infection with chonomenmgitis 
virus m the dog by the findmg of mtranuclear mclusions m the cells of the adrenal 
cortex Similar mclusions were also noted m the adrenals of ferrets mice and 
gumea pigs This findmg is suggestive m view of ^lendoza s findin g (67) of 
large amounts of virus m the adrenals of gumea piK Findlav and Stem (69) 
found mtranuclear mclusions m the choroid plexus of mice, but came to the 
conclusion that they were due to mouse sahvary gland virus, smce thev were also 
found m control mice These authors recorded the presence of min ute granules 
m the cvtoplasm of mononuclear cells m the ventricular exudate of monkeys, 
rats and rmce The granules were clearly seen when stamed with Giemsa and 
observed with the dark field microscope Smadel (52) and his co-workeis were 
able to obtam somewhat similar granules m tne high speed centrifugates of virus 
suspensions 

2 Men The pathology of chonomemngins infection m man is not defimtely 
known smce no clearly proved cases have come to autopst* Mets and "Warren 
(100) reported a fatal case of acute lymphocytic memngitis m 1937 Xo virus 
studies were made The\ found infiltration of the menmges with lvmphocii:es 
and considerable penvascular infiltration m the bram substance In the nud- 
bram region the ganghon cells showed evidence of damage with nuclei pyknotic 
and ci-toplasm filled with small mclusion bodies Silcott and Xeuburger (101) 
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have reported three fatal cases recentl3’’, in none of whom virus studies were 
made Chmca% these cases were not typical, but nught have represented 
chonomenmgitis infections m old people All three show’ed a patchy l3Tnpho- 
cyfic infiltration of the menmges, nodular ghosis, and perivascular cuffing, par- 
ticularl3' m the midbram area 

The most convmcmg case report is that of Machella, Wemberger, and Lippin- 
cott (102) of a 14-year-old hoy who had a story quite compatible with lympho- 
C5i;ic chonomenmgitis, with a prodromal illness and a remission before the onset 
of memngeal s3rmptoms Two gumea pigs moculated with spmal fluid died on 
the 16th day with congestion of the lungs and enlarged spleen The ground 
lungs and spleens were filtered, and a gumea pig moculated with the filtrate died 
on the 17th day with similar findmgs Unfortunately, no further attempt to 
identify the virus was made, but these findmgs are consistent with cbonomenin- 
gitis m gumea pigs The authors strengthen their case by notmg that no other 
deaths occurred among gumea pigs m then stock moculated with other matenal 

Then- patient apparently was well on the way to recovery, when he developed 
endence of subarachnoid block on the 28th day and died of respiratory failure 
The findings at post-mortem were consistent with the findmgs m monkeys, but 
showed more scarrmg due to the longer course before death There were marked 
inflammatory changes m the walls of the ventncles, where the ependyma was 
denuded, with lymphoc3d;ic infiltration, glial proliferation, and engorgement 
of vessels The choroid plexus was thickened, scarred, and infiltrated with 
l3Tnphoc3des, and there was an mtense inflammatory reaction of the menmges, 
with scarrmg and obhteration of the subarachnoid space at the base of the 
bram In the fourth ventncle the process caused softenmg which mvolved the 
adjacent nuclei The authors commented on the stnkmg contrast between the 
mtense inflammation of menmges, ventncular walls, and choroid plexuses and the 
normal appearance of the bram substance 

The marked scarrmg m this case 5 weeks after onset is mterestmg m the 
light of the report of Barker and Ford (24) of a patient who had proven Ijunpho- 
cytic chonomenmgitis and developed paraplegia due to an obhterative arach- 
noiditis 4 months later 

Other deaths have been reported by Tassman (103) and by Howard (34) 
The latter has presented data which are difficult to mterpret and should be taken 
as a stimulus to further research, rather than as proven fact until confirmed 
In a senes of 33 patients admitted with a vanet3' of infections mvolvmg the 
central nenmus s3'Btem, she isolated the virus of chonomenmgitis m 8 The 
first 6 cases had histones more or less typical of the disease, and isolation of the 
mrus from the spmal flmd m each case was accomplished by gumea pig inocula- 
tion Adequate proof that this was the vmis of l3'mphoc3i;ic chonomemngitis 
was brought forward One of these cases had the encephaIom3mhtic form of the 
disease, and died suddenly 4 months after onset m a State Hospital, but no 
autopsy was performed The seventh and eighth cases studied by Howard are 
provocative, smce thej" represent cases of severe encephahtis, fatal m 9 and 1 
da3’-s Virus could not be isolated from the spmal flmd despite the presence of 
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over 1000 cells in each case, but was isolated from bram tissue kept under glj'C- 
erme 70 days In one case the isolation of the rirus was fairly commcmg, but 
m the other case, 14 weeks elapsed after moculation before the gumea pig suc- 
cumbed, and the possibihty of spontaneous infection must be considered In 
one case, post-mortem exammation revealed marked focal lesions in the sub- 
stantia mgra and a transi'erse myehtis In the other there was merungeal, but 
not choroidal, infiltration, and massive necrosis m the cerebrum with endothehal 
proliferation so marked that vascular occlusion and hemorrhagic necrosis of the 
bram were observed It is mterestmg that m both cases a sj'stemic prodromal 
dlness occurred which simulated “gnppe” and resembled the prodromal illnesses 
m some of the first 6 cases 

S Summary The pathologi' of h-mphocj-tic chonomemngitis infection m 
aaimnls bears anatomical testunoni' to the generalized nature of this infection 
Infiltrations of ljTnphocji:€s, plasma cells, and large mononuclear cells are 
widespread m many oi^ans Reticuloendothehal hj-perplasia is frequently 
seen Interstitial bronchopneumoma is frequent, and poh-serositis not un- 
common Chonomemngitis of mild degree may occur frequenth*, but is rarely 
marked unless mtracerebral moculation is practiced 

In the light of these findmgs, it is mterestmg to speculate on the pathologj* 
produced by this virus m man One fatahtj' m man fits the pattern of infecbon 
as it is observed m animals Other fatal cases raise the question of whether 
severe encephahtis with abundant lesions m the bram substance may occur 
The studies m animals suggest above all that systermc forms of infection should 
be far more frequent than cases mvoh mg the central nen ous system Respua- 
torj' disease characterized by constitutional symptoms, mterstitial pneumoma, 
and pleural effusion is to be expected m the hght of comparative pathology 
Chmcal mvestigation of this disease should turn to a studi' of its relationship to 
cases of so-called atj^iical or i-irus pneumoma, unexplamed pleunsj* with effusion, 
and fever of unknown ongm, as well as to its role m encephahtis 

H EpideimoJogy 

FoUowmg the description of human cases of lymphociiac chonomemngitis 
m 1935, numerous speculations concermng the epidemiologj* of this disease were 
made There was a repeated suggestion that mice might play a role m human 
infections Several cases of hmphocj'tic chonomemngitis among laboratori' 
workers who had been m contact with \ irus-carrj-mg white mice had been ob- 
served In addition, a possible reservoir of infection m the common grey mouse 
(mus mmcuhis) had been suggested by several chmcal obsen-ations Dunng 
the past two years a grey mouse reservou for a senes of human cases of this virus 
disease has been established The endence to support this new, that human 
cases of h-mphocj’tic chonomemngitis are infected from vmis-carrymg grey 
mice will be presented m detail 

1 The rS’e of irhiie mice in human laboraiory infecfione In 1935 Traub 
(17, 22) isolated the nrus of Ij-mphoci-tic chonomemngitis from the blood and 
unne of apparentlj healthy white mice This nrus was transimtted from preg- 



34 


THOJIAS W FARMER AlfD CHARLES A JANET7AY 


nant mice to their offsprmg, and aftei recovery from the infection the 3 ’'oung 
mice earned the ^ttus for several months The possibihty that these virus- 
carrjTng mice might infect human bemgs was suggested bj’' the demonstration 
of neutralizing antibodies m the serum of J M , who had been the caietaker of 
this infected mouse colony foi 5 j’ears In substantiation of this view, Rivers 
and Scott (46) reported a patient mth lymphoc 3 dic chonomemngitis, vho had 
worked with a stock of virus-infected, white mice durmg the 3 months before his 
illness Although the 3 ’ suggested that the patient had probabty mfected the 
mouse colon 3 ’', the possibility of mouse-to-man transmission was not excluded 

Experimental studies hai e shown that the \’irus is capable of ipudily adapting 
itself from a white mouse to a human host (13) When -nrus-mfected bram 
emulsions from white rmce are inoculated mto human bemgs, l 3 Tnphoc 3 'tic chono- 
memngitis ma 3 ’- be produced 

These obseiwations suggest that an occasional laboiatoin’^ infection ma 3 ^ be 
related to contact with ni’us-carr 3 Tng white mice Hovevei, vhite nuce are 
certamlj’’ not the source of climcal cases of lymphocytic chonomemngitis, for 
most patients report that the 3 ’- have nevei seen a vhite mouse 

2 The rdle of grey mice in the transmission of lymphocytic chonomemngitis 
In 1936 Traub (35) showed that mtracerebral mjections of the virus mto gre3'^ 
mice produced the same fatal chmcal picture as m white mice After subcu- 
taneous moculations, gre 3 '' nuce earned the virus for several weeks 

Two cases of l 3 Tnphoc 3 'tic chonomemngitis mth histones suggestive of possible 
transmission from gre 3 '^ rmce were desenbed m 1936 The first case was reported 
by Fmdla 3 ’^, Alcock, and Stem (27) In relatmg the hrstor^’- of this patient, the 
authore noted “that some da 3 ^s before the onset of his lUness, he had cleared out a 
shed, which was heawd 3 ' overrun mth nuce ” CoUis (104) described a second 
patient, whose chmcal picture was consistent with l 3 Tnphoc 3 i;ic chonomemngitis, 
and whose serum after recover 3 ’^ neutrahzed the nrus “This patient lived m an 
eighteenth centur}’^ house overrun with rats and mice ” (27) In these two 
reports the possible role of grey mice m the epideimolog 3 ’' of this nrus infection 
was suggested for the fust time This obsenation, that cases of l 3 Tnphoc 3 'tic 
chonomemngitis occur m homes inhabited b 3 ’^ gre 3 ' nuce, was in itself not too sig- 
nificant, for a large percentage of homes are so inhabited A more important 
pomt to be established was the fact that the mouse inhabitants of these homes 
were actuall 3 ’ can^nng the vims 

In 1939 and 1940 Armstrong and his co-vorkers (16, 57, 58) demonstrated the 
existence of liras m gre 3 ’’ rmce caught m the homes of 5 of 6 patients with Rm- 
phoc 3 ’tic chonomemngitis These cases represented consecutne ones studied 
o\ er a penod of 17 months Five patients hved m or near Washington, D C , 
each one m a different section of the cit 3 '', vlule the sixth hved m Lancaster, Pa 
The Mms of l 3 inphoc 3 Tic chonomemngitis was recovered from the cerebrospmal 
fluid of 5 of the 6 cases, vhile m one case no flmd was obtamable for study (Table 
5, Cases 1 to 6) 

In all 6 patients, protective antibodies developed m the blood after recoi er} 
Grey mice trapped m 5 of the homes were shown to harbor the Mrus m their 
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viscera -prliile mice tripped m the smli home were found not to be infected 
TTo.ni; ((u) observed 7 of these nnnimlly-infected grev mice in his laboratory 
for 5 months Durmg this time the mice shovred no outtvard signs of infection 
although the virus vras recovered from their blood and feces several times 
The percentace of mice carrvmg the virus in an infected home vras mvestigated 
evtensivelv by Armstrong He trapped grey mice m /S diSerent homes m 
Washmgton and found that 35 of these homes harbored infected mice From 
these 35 mfected homes 123 mice were evammed and 53 per cent of them were 
found to be earners of active virus In sharp contrast with these nndmgs, the 
virus was not isolated from a single one of ISh mice trapped m the other 43 homes 
These nndmgs were venfied by testmg another senes of grey mice for immuni ty 
to intracerebral moculanons of lethal doses of the virus Of 62 mice trapped m 
22 homes where virus-infecred mice had been found 66 per cent were immun e m 
contrast to 10 per cent of 47 mice trapped m homes where only non-mfected mice 
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had been found These studies mdicate that if a home is inhabited by mfected 
mice 50 to 60 per cent of the mice m that particular home will probably be 
carrvmg the virus In contrast with this a large percentage of mouse-inhabited 
homes do not contam mfected rmce Thixs the mouse reservoir of the virus is 
concentrated m small areas and it iS not evenly dismbuted throughout the mouse 
popidation 

The association of virus mfecnon m mice with human cases of hmiphocytic 
chonomeiungiTis was estabhshed by Armstrong (Table 5 Cases 1 to 6) The 
35 viros-mfected homes which he studied mcluded 5 homes m which human cases 
oi bmiphocvtic chonomemngms had occuired However m the 43 homes m 
which no virus-miected mice had been found only one case of li-muhocytic 
chonomenmg’tis had developed In this latter case the home had been overrun 
with mice and the pauenth-’d trapped a dozen mice before his illness However, 
the two mice which the mvesngators trapped were not carrv-mg the vims 

The authors have confirmed Armstrongs findmgs m an epidemiolosncal srudv 
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of E A , a patient with Ijmphocytic chonomeningitis ® In this case the diag- 
nosis was estabhshed 63’' the isolation of the inrus from the patient’s cerebro- 
spmal fluid, and b3’’ the demonstration of complement-fixmg and neutralizing 
antibodies m her serum after recovei^’' Of 7 mice trapped m her home, 4 were 
cariymg the vinis ^ In contrast with this, 30 mice were trapped m homes and 
buildmgs m other parts of Boston and ncrmt3’’ 63’’ the authors, and none of these 
mice was mfected with the vmis In addition to this stud3, Yamarat ( 40 ) 
trapped 68 mice m various parts of Boston mth no relation to human cases of 
l3Tnphoc3^ic chonomemngitis, and he found only 3 mice which vere lurus- 
camers Thus, the mcidence of vnus-infection among mice m Boston is ap- 
proxunatel3'^ 4 per cent However, at the home of a case of lympboc^i^o chono- 
memngitis, 50 per cent of the mice were can^ung this nnis 

Thus it has been established and confirmed that a close association exists be- 
tween human cases of l3Tnphoc3d;ic chonomemngitis and a mouse resen'oir of the 
nrus In contrast with this positive relationship are the negative epidemio- 
logical studies of two cases with lymphocytic reactions m the cerebrospinal fluid, 
not due to the vims of lymphoc3’tic chonomemngitis, studied b5’^ the authors In 
each of these cases a histoiy of exposure to mice was ehcited, and the diagnosis of 
lymphocytic chonomemngitis was entertamed, but the wild mice were not found 
to harbor the lurus 

Patient V M (Table 5, Case 8),® a student nurse, developed fever, headache, and a 
slightly stiff neck, with 12 lymphocytes per cu mm. in the cerebrospinal fluid Prior to her 
illness she had been workmg in a building infested with mice Three weeks before the onset 
of headache and fever, she had reset the cheese in a mouse trap With this suggestive 
story, 3 mice were trapped at her place of work, but none of them was carrjang the virus 
Cerebrospinal fluid, drawn from the patient at the onset of memngitis, was inoculated into 
mice and gmnea pigs with negative results Her subsequent course and laboratory findings 
were typical of infectious mononucleosis 

Patient A C (Table 5, Case 9) developed headache, fever, chills, and stiff neck, with 
3S4 lymphocytes per cu mm in the spinal fluid Inoculations of his spinal fluid, blood, 
mouth washings, unne, and feces into mice and gmnea pigs at the onset of memngitis, 
showed no evidence of the virus of lymphocytic chonomemngitis He did not develop 
complement fixing or neutralizing antibodies against the virus dunng convalescence 
Since the apartment in which the patient hved, and the antique factory where he worked 
were both overrun with mice, epidemiological studies were undertaken Pour mice were 
trapped m his home, and 12 additional mice in the factory None of these was carrying 
the virus 

These negative epidemiological findmgs are of defimte significance The 2 
patients presented the clinical pictures of “acute aseptic memngitis,” and their 
homes or places of work were inhabited by mice However, the mouse inhabi- 
tants were not caiT3Tng the virus of l3Tnphoc3'tic chonomemngitis, and the 
patients were not infected with the virus In the first case, the diagnosis of m- 
fectious mononucleosis was estabhshed, whereas m the second case the etiology 
remams unknown 

6 The clinical history of this patient is presented on pages 7-15 

1 See appendix, p 

s A resume of the climcal chart of this patient is presented on page 93 
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Additional positive evidence m favor of the close relationship between human 
cases of Ij-mphocytic chonomenmgitis and a vmis reservoir m mice is suggested 
by the discoven- of an endemic focus of human virus infection by one of the 
authors Among the negroes m Boston, onlj* 4 cases of this disease have been 
observed m the larger hospitals during the past 8 years These cases (which m- 

1 Ax ExDEinc Focus or Ltmphocttic Chobiowexixgitis 
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elude the patient E A , described above) are summarized m Table 6 The un- 
usual findmg IS that all 4 of these colored people, at the times of their lUnesses, 
were hvmg withm 2 city blocks of each other (Alap 1) Since there are 20,000 
negroes m Boston, this concentration of cases is an unusual comcidence At the 
present time it is known that this small section of the citj- contains a mouse 
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lesen'OiT of the %Trus In addition, the obsen^ation that the embiyos of an in- 
fected grej^ mouse caught in the cellar of the home of the patient E A ivere highly 
potent carriers of the virus, shows that the ittus is passed from mouse genera- 
tion to the next by mtra-utenne infection, and suggests that the mouse reser- 
voir ma 3 ' be a ver}’^ old one 

These studies show that a close lelationship does exist between human cases of 
iTTus infection and an associated mouse reservoir of the Aurus The question is 
whether the infection is transmitted fiom mice to human bemgs or from human 
bemgs to mice 

Although one cannot prove defimtelj’’ at present that the natural disease is 
transmitted from mice to man, the evidence points m this direction Four cases 
of laboratoi^^ infections have been reported m workers who had handled infected 
mice This circu m stantial endenee eertamly suggests mouse-to-man trans- 
mission The sequence of events m the lUness of the patient E A further sub- 
stantiates this new She took a mouse from a trap and handled this mouse 20 
daj’^s before the onset of memngitis Alice trapped both in her fourth floor 
apartment and m the cellar of her home were caiT 3 'mg the vmis at the tune of her 
fllness The mtenml from mouse contact to the development of memngitis m 
this case is the same as the experimental mcubation penod of the disease It 
appears more probable that she was infected b 3 ’- a mouse carrier than that she 
infected the rmce m the buildmg In addition, it is qmte remarkable that 3 other 
people in this neighborhood should hai^e expenenced the same infection m 
previous 3 'ears 

The aiailable evidence suggests that m a number of cases of ] 3 ’mphoc 3 i;ic 
chonomenmgitis the a inis was transmitted from mice to humans Experimental 
work has demonstrated that gie 3 ^ mice carr 3 ’' the attus m their feces, unne, and 
blood B3' inference from experiments on Aihite mice, it is probable that the 
semen and sahA a of mfected gie 3 '’ mice also contam a^itus Thus there is an 
abundant source of A'mis m the excieta of these animals The possible methods 
b 3 ’ which this attus might be transmitted to man are as follows 

1) Direct contact Awth dead mice The patient E A was the fiist case of 
l3Tnphoc3’tic chonomenmgitis m which there was sigmficant eAudence to show 
that infection might haA^e occuried bj-^ mouse contact In a reAuew of the other 
3 cases m the same neighboihood as this patient, 2 histones of mouse contact a\ ere 
obtamed, aa hile the thud patient was completel 3 ' unreliable (Table 6) This cir- 
cumstantial CA idence suggests that contaet Anth the ATrus-infected blood, feces, or 
other excreta of a recentty killed mouse ma 3 ’ be the mode of transmission m some 
cases 

2) The eatmg of food contammated b 3 '- mfected mouse excreta No eiadence 
IS aAmilable 

3) The inhalation of dust contammated b3’' mouse excreta No exadence is 
aA’ailable 

4) The bites of an msect xmctor No CAidence is ax^ailable 

In summaiT', it is possible that m some cases the a'uus is transmitted from 
mouse to man b3" duect contact Avith a recentl3' trapped, mfected mouse, and in 
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particular vrith his excreta In other cases the mode of transmission from mice 
to human bemgs is unknorm 

3 The possible transmission of the infection from dog to man The following 
case study by one of the authors presents circumstantial evidence to show that 
the VITUS might be transrmtted from dog to man 

J K (Boston City Hospital Xo 969SOS), a 23-year-old, white single girl, was admitted 
as a private patient to the Boston City Hospital, Boston, Mass on Xovember 1/ 1939 
She complained of headache, vomiting and fever of 2 daj^’ duration Seven days before 
the onset of meningitis she had been sick with fever and headache, but had recovered tem- 
porarily The cell count in the cerebrospinal flmd reached a maximum of 1095 white olood 
cells per cu min , all Ivmphoctnes The meningitis and fever lasted 15 days, followed by 
complete recovery The diagnosis of lianphocvtic choriomeningitis was established by the 
development of neutrahang antibodies in her serum During the past IS months she has 
remained penectly nell 

The patient who hved in the environs of Framingham, Mass had never seen a mouse in 
her home and she had never touched a mouse m her life Three cats were kept at home 
to catch any mice which might appear, but the patient did not handle the cats In brief, 
there was no evidence at all of mouse inhabitatioa However, an interestmg observation 
was made by the patient Her dog had fallen ill about 3 weeks before she went to the hos- 
pital, and the vetennanan had made the diagnosis of canine distemper About 3 days 
before the patient went to the hospital, the dog was removed to the vetermary hospital, 
where it died 10 days later 

This histon’ presents a striking coincidence The patient developed an m" 
fection with the virus of hmphocytic choriomeningitis shortlt' after the onset of a 
fatal illness m her dog which the vetennanan diagnosed clmieally as canine dis- 
temper The patient handled this sick animal pnor to her own illness This 
contact with a distemper dog is particularly suggestive m the hght of the expen- 
mental work of Dalldorf and Douglass (71, 106) They recovered the virus of 
lymphociTic chonomeningitis from 4 samples of dog spleen which contamed the 
vmis of camne distemper They showed that these 2 viruses had been present 
srmultaneousli' m their source matenal for more than 24 years It was not 
known how the virus of lymphocirtic chonomenmgitis was mtroduced mto the 
passage mnis When another stram of distemper virus, which was demonstrated 
to be free from the vmis of lymphocj-tic chonomemngitis was mtroduced mto 
the laboratory- it too was soon contammated with the virus of lymphocytic 
chonomenmgitis When it is mjected subcutaneoush' mto dogs the virus of 
lymphocvtic chonomenmgitis produces no chmeal illness although specific anti- 
bodies appear m the blood serum withm 35 daj-s Furthermore an moculated 
dog transmits the infection to his cage mate Thus, if dogs m nature do become 
infected with the virus of h mphocj-tic chonomenmgitis thei can readily trans- 
mit it 

Meyer m his Harvey Lecture (107) reported that Howitt m Cahforma had 
isolated a virus closely related to or identical with chonomenmgitis virus from 
3 dogs These animals died of an ascendmg myehtis and pathologic studies re- 

’ The chnical history of this patient has been reported by Dr H H Memtt (105) 
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vealed an intense inflaminatoi 3 >- process in the cord The relationship of the virus 
of chonomeningitis to the disease rvas unknown The finding is important, 
because it means that a chonomeningitis-hke rams has been isolated from dogs m 
the field as well as m the laboratoi^'^ 

4 The transmission of the virus from guinea pigs to man Two laboratory m- 
infections with the -virus have been traced to guinea pigs One case of Ijunpho- 
c}*tic choriomeningitis (33) followed the accidental, conjunctival moculation of 
-vmis contamed m an organ emulsion from a gumea pig The second case (35) 
was an mapparent infection m a laboratoi^'^ worker who had handled -virus-in- 
fected gumea pigs 

5 A reservoir of the vn us tn monkeys Spontaneous infections m monkeys mth 
the -mrus have occurred, and a few mdi-mduals m contact -with infected monkeys 
had had neutrahzmg antibodies against the -nrus m then blood However, no 
case of monke 3 ’--to-man transmission of the disease has been reported 

6 The possibility of man-to-man transmission of the virus Although the e-w- 
dence is too fragmentaiy to be conclusive, this -virus is probabl 5 ’- not transmitted 
from man-to-man There are no recorded instances of one patient contractmg 
l 3 Tnphoc 3 ’tic chonomemngitis from another However, it rmght be argued that 
most contacts are not susceptible indiiuduals, or that the 3 ’- develop mapparent 
infections -with the virus, followed by immumt 3 ’^ The authors hai'e shown that 
this did not occur m the contacts of the patient E A Sera from 5 mdinduals 
who were m close contact -with the patient dimng her hospital sta 3 ’', were studied 
From each person 2 sera were dra-wn, the first at the beg innin g of evposure, and 
the second 2 months later These sera were evammed by the mouse-protection 
test for the possible development of neutrahzmg antibodies, but none of the m- 
di-nduals developed an 3 ^ anti-mrus Durmg the 2 months’ penod, all 5 mdivid- 
uals remamed well and had no sj'mptoms suggestive of a menmgeal or non- 
menmgeal form of mrus infection 

L§pme, jMollaret, and Kreis (32) have reported one case of e-qienmental trans- 
mission of the ATTUs from man-to-man In this case they -wrote “we have been 
able to reproduce the febnle disease b 3 ’^ the mtramuscular moculation of 25 cc of 
blood from a sick patient ” Xo further information concemmg this eNperrment 
is available 

In 1937 Armstrong (36) mentioned the possibiht 3 ’- of a venereal route for 
human-to-human infections This was suggested b 3 ’^ the higher mcidence of pro- 
tective antibodies m the sera of mdinduals over 16 3 mars of age, and m the sera of 
several pnson groups with a high percentage of positive Wassermann reactions 
It was supported bi' the finding that infection took place m moiike 3 ’s after the m- 
stiUation of l 3 Tnphoc 3 'tic chonomemngitis -iirus into the urethra or vagma 
Howe^ er, theie has been no clmical verification of this possibilit 3 ’- 

7 Experimental transmission of the virus by insects CkiggeshaU (68) has 
sho-wn that mfected Aedes aegypti mosqmtoes can transmit the %'inis to gumea 
pigs b 3 ’ them bite The tick, Dermacentor andersoni, Stiles, can also be e-qien- 
mentally infected with the lurus, and the adult form may carry the -imis as long 
as 13 da 3 -s Shaughnessy and IMilzer (108) ha-i e demonstrated that mfecte tic ' 
feces and crushed ticks apphed to the scarified skm of a gumea pig will transmi 
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Ihe disease HoTreTer it appears unlikely that insects are vectors in the trans- 
mission of rhig disease to man m viev- of the seasonal inadence ox cases of lym- 
phocvnc chonomenmmtis m the north temperate zone In the summer rrhen 
these insects are most plentiful no cases of mfecnon have been reported 

S The ^>oss(b^€ •portals of entry of the t irus irnnan Although the portal of entry 
of the virus is not knotvn the espemnental and clmical evidence m favor of 
various routes of infection ttiU be summarized 

(o) Suhcuiat ecus roate If a mouse strain of the virus is injected subcu- 
taneously m man it may produce lymphocytic chonomenmgitis Xo local skin 
reaction occurs at the site of mjection At the present tune there are no chmcal 
observations to establish this subcutaneous portal of entry 

(6) Inrracaicncous roa’e Shaughnessy and Zichis (109 66) have shotvn that 
the virus passes through the imbroken gkin of the guinea pig and produces in- 
fecnon It is not knotvn whether this occurs in man 

(c) Conjunc\ral roaie One laboratory infection occurred after the accidental 
inoculation of virus in the conjunctival sac (33) However no other chmcal 
cases have been reported m which a conjimctival portal of entry was suggested 

(d) Rfspiralory tract The precursory symptoms of lymphocytic chorio- 
memngitis frequently mclude an upper respiratory infection Kreis (13) noted 
the development m a pauent of cough and bronchitis during the prodromal phase 
of an experimental infection with the virus However an attempt to isolate the 
vinis from the mouth washmp of this patient gave negative results The 
authors were unable to obtam the virus from the mouth washings of the panent 
E A. durmg the meningeal phase of her illness The virus has never been iso- 
lated from mouth washmgs during the prodromal or the meningeal phase of this 
disease but in one case it was obtamed from mouth washmgs taken durmg the 
convalescent stage (25) The first studies of the mouth washmgs of this patient 
were made 2 months after the onset of illness at which time the virus was isolated 
by the moculation of a monkey One month later the virus was agam found m 
the mouth washings by gumea pig mjections Xone of this evidence can be 
taken as proof of a respiratory portal of entry Recently Findlay has reported a 
case of proved chonomerungius which occurred m a soldier m a ward where an 
epidemic of respiratory infection was gomg on (19) 

(f) Ahr'cn'ary {•net Xo evidence is available 

In bnef the portal of entry of this virus m man remains a mystery m many 
cases, but iienetration of the unbroken skm or conjunctiva or infection by way of 
the ahmentarv or respiratory tracts would be expected on the basis of our present 
knowledge of the disease 


I Difr-entia^ diagnosis 

The systemic illness produced by the virus of lymphocytic chonomenmgitis is 
a gnppe-hke infection which may be cuagnosed chmcally as a cold In an 
epidemic jienod the diagnosis of infiuenra might be made Unless a vmis is 
isolated from the patient or neutrahzmg antibodies are demonstrated m bis serum 
after recoi ery no etiological diagnosis is made 

If the panent dei elops fever headache nausea vomitmg and a menmsmal re- 
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action, this sjTQptom-complex presents the differential diagnosis of a fever of un- 
known etiology Tuberculosis, tj'phoid fever, brucellosis, subacute bacterial 
endocarditis, and infectious mononucleosis are among the possibihties An acute 
infection, such as pneumoma, with memagismus, is to be considered However, 
the finding of a lymphoc3'tic reaction m the cerebrospmal flmd on Imnhar punc- 
ture hmits the diagnosis to those diseases which produce such a mononuclear 
response Among these infections, tuberculous and sj^iluhtic memngitis are 
usuaUj^ considered first 

1 Acute tuberculous meningitis This fatal illn ess usuallj^ commences with 
headache, nausea, lassitude, and fever, lasting a week or more the second 
week, stiff neck, squmt, facial weakness, or dj’-sarthna may be observed This 
picture IS followed bi^ stupor, muscular twitchmgs, paralysis, and death The 
duration of illness is usually about 3 weeks, although the ehmcal course is oc- 
casionaU3' at3'pical 

The cerebrospinal flmd is usuall3' under increased pressure and is clear or 
opalescent A web-hke clot usuall3’' forms on standmg The cell count vanes 
from 50 to 500 cells per cu mm , about 80 per cent of which are lymphoc3i:es and 
20 per cent are pol3morphonuclear cells The protem content is mcreased 
(45 to 500 mgs pei 100 cc ) The sugar content is decreased below 45 mgs per 
100 cc , and the chlonde content is hkewise diminished below 650 mgs per 100 
cc The colloidal gold reaction ma3’’ be of any 13110, and the Wassermann reac- 
tion IS negative (110) The diagnosis is established b3’’ the demonstration of 
tubercle bacdh on smears of the cerebrospmal flmd or by the results of gumea pig 
moculations 

Although the occasional findmg of a tuberculous process elsewhere m the bod3>’ 
IS veiy suggestive endence, usuaUj’ the earl3’^ diagnosis of tuberculous meningitis 
cannot be made from the histoiy and ph3'sical exammation However, the 
chemical findmgs m the spmal flmd form a syndrome, which rarel3' occurs in any 
other disease In a lymphoe3dic flmd the sugar content is decreased along with a 
reduced chlonde level In contrast with these findmgs, the spmal flmd m cases 
of l3mphoc3'tic chonomemngitis has a normal sugar and chlonde content, and the 
ceUs are 90 to 100 per cent lymphoc3'tes In tuberculous memngitis the blood 
sedimentation rate is elevated, whereas m ]3mphoe3dic chonomemngitis the 
sedimentation rate is normal The final diagnosis is established b3 appropnate 
bactenologieal methods 

2 Acute syphilitic meningitis hlemngitic s5'mptoms ma3'^ develop at aii3'^ 
stage of luetic infection, but they are usuall3* a manifestation of secondai3’ 
g\-p lnlis A histori' of si-phihs mai’ be obtamed, the scar of a healed pnmar3' 
lesion ma3’ remam, or a secondar5' skm rash ma5 be present The s3’mptoms of 
headache, fever, insomnia, weakness, and pam m the back or neck deielop 
These are followed bi* cranial neiwe mvoh ement with tinmtus, deafness, vertigo, 
facial weakness, or squmt The cerebrospmal flmd is usuallj^ under mcreased 
pressure, with an average of 500 cells per cu mm , most of which are l3'mphoc3'tes 
The sugar and chlonde contents are usually normal The colloidal gold reaction 
13 nearly alwai-s abnormal, and the Wassermann reaction is positn e Thus the 
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etiological diagnosis is suggested by the clinical historj* and established by the 
TVassemiann reaction In Ijmphocjdic choriomeningitis, the Wassennann reac- 
tion IS negative, and the specific Aims may be isolated by appropnate methods 
S Finis infections of the central nerioiis system A number of nrus diseases 
affectmg the nen'ous sj'stem have been studied, and their clmical pictures are 
usually distmctive However, just as the A-nais of h mphoc^■tlC chonomemngitis 
may produce aHincal signs and sjTnptoms, so other nruses produce aberrant 
illnesses, which m some cases smiidate infection with the virus of hmiphocirtic 
chonomemngitis 

(a) Anterior poliomyelitis may be confused with IjTnphocj'tic cnonomemngitis 
In the premomtorj' stage of pohomyehtis, which occurs m 95 per cent of the cases, 
the chdd may have fet er headache, corj’za, sore tin oat, anoiexia, nausea, vormt- 
mg, and diairhea He resents any disturbance, and on exammation usuallj' has 
some ngidity of the neck or spme, fiequently with muscle tenderness This pro- 
dromal phase IS much shorter than that found m hmiphocytic choriomenmgitis, 
although the same remission of simiptoms before the second phase of the disease 
may occur m both virus infections In parah-tic pohomyehtis the child suddenly 
becomes ill agam with the onset of headache, fevei , and muscular paralysis The 
cerebrospmal flmd findings m these 2 diseases may be identical although m an 
earlj' case the predominance of pohunorphonucleai leukocides favors the diag- 
nosis of pohomyehtis If paralj-sis does not develop, the infection may be 
either non-paraljdic pohomyehtis or hTuphocidic chonomemngitis However, 
the occurrence of such an illness m a child durmg the late s umm er months, con- 
conutant with an epidenuc of pohomj-ehtis m the commumtj-, with a rapid dimi- 
nution m the number of cells m the spmsd flmd, ceitainly suggests the diagnosis 
of non-paralj-tic pohomj-ehtis 

If a child develops parali'sis after a prodromal illness, the diagnosis of poho- 
myehtis appears certain, although the shght possihihtv of infection with the i inis 
of hunphociiic choriomenmgitis does exist ^MacCallum and Fmdlay (28) 
desenbed such a case A j, oung gul had the precursor!* s!*mptoms of achmg m 
the calves, thighs and lumbai back, associated with the sensation of pms and 
needles from her umbiheus to hei toes After the onset of headache and fever, 
she del eloped a flaccid paral!*sis of both legs The spmal flmd revealed 101 cells 
per cu mm Four months aftei this infection the patient still had complete 
paral!*sis of both lower extremities with muscle atrophy A clmical diagnosis of 
anterior pohomyehtis was made at the onset of paralysis However, the xmis of 
lvmphoc!*tic chonomemngitis was isolated m gmnea pigs from the patient’s 
spmal flmd, drawn on the 7th dav of central neix’ous system mvolvement 

(b) Mumps IS frequently accompamed by a menmgeal reaction The sx*mp- 
toms, signs, and cerebrospmal flmd findmgs may be identical with those of h*m- 
phocjdic chonomemngitis In such cases the clmical diagnosis of mumps men- 
mgitis IS made on the basis of the concomitant parotitis, orchitis, or pancreatitis 
The memngeal reaction max* precede or follow these somatic signs of infection, 
and m some cases it may occur as a purely memngeal dlness 

(c) Herpes zoster Occasionally a mild memngeal reaction max* precede the 
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onset of heroes zoster In these cases the Ijnnphocjiiic reaction in the spinal 
fluid may be the same as that found m l 5 Tnphocjd;ic chonomemngitis (111, 112) 
Howeier, ■with the outbreak of heipetic vesicles, the diagnosis is established 

(d) The encephahtides Several viruses produce encephahtis m human bemgs, 
and the chmcal pictures of these disease are usually characteristic (113) St 
Louis encephalitis occurs m 3 chmcal forms an acute onset of encephahtis, a 
short prodromal phase followed b 3 ’’ encephahtis, and an abortive form In ad- 
dition to merungeal signs, the patient usuaUj^ develops lethargy, mental confu- 
sion, and tremors The cerebrospmal flmd findmgs may be identical ■with those 
of lymphocytic chonomemngitis Ho^wever, the isolation of the virus or the 
demonstration of neutrahzmg antibodies m the patient’s convalescent serum es- 
tablishes the diagnosis Post-infection encephalomyelitis occasionally occurs 
durmg convalescence from infectious diseases, particularly those caused by 
viruses, after vaccmation, oi after proph 3 dactic moculations against rabies 
Epidemic encephalitis of unknown etiolog 3 ’’ ma 3 ’^ also present a chmcal picture and 
ceiebrospmal flmd findmgs similar to the encephalom 3 'ehtic foim of l 3 Tnphoc 3 dic 
chonomemngitis However, no etiological diagnosis can be made Equine 
encephalomyelitis usuall 3 ’’ produces a predommantly polymorphonuclear reaction 
m the earl 3 ’' spmal flmds, and the patients usually appear much sicker than with 
chonomemngitis (114) 

(e) La maladie des porchers is a ■varus disease which occurs occasionaLl 3 ’' among 
mdnnduals working m contact mth virus-infected pigs The disease has been 
reported m France, Switzerland, and Ital 3 ’', but it has not been encoimtered m the 
United States This illness has a charactenstic chmcal course, which mcludes 
two febnle waves separated b}' a penod of ap 3 Te'aa The memngeal s 3 Tnptoms 
are acute, with a l 3 anphocytic cellular reaction m the spmal flmd A maculo- 
papular eruption usuall 3 ’^ appeam and lasts a few da 3 's Conjunctintis fre- 
quentl 3 ^ occurs This nrus, isolated by Durand and his co-workers (79, 81) 
IS not related seroIogicaIl 3 ^ to the varus of l 3 ’mphoc 3 dic chonomemngitis 

(J) Pseudolymphocytic choriomeningitis The v^mis of pseudol3Tnphoc34ic 
chonomemngitis has been isolated m England from the cerebrospmal flmd of 2 
patients with the chmcal picture of acute aseptic memngitis (73) This virus can 
be distmguished from that of l 3 miphoc 3 d;ic chonomemngitis b 3 '’ a shghtb’' different 
chmcal picture m mice and b 3 ’^ immunological studies 

Foci of infection near the meninges Bactenal infections evtemal to the 
memnges (cervacal ademtis, smusitis, otitis media, mastoiditis, petrositis, epi- 
dural abscess, and venous smus thrombosis) occasionall 3 '' produce memngeal ir- 
ntation without the development of purulent memngitis (115) Fever, head- 
ache, nausea, vmmitmg, and stiff neck dev^elop In the cerebrospmal flmd of such 
cases there is a moderate pleoc 3 'tosis, and 50 per cent or more of the cells are 
iisuall 3 ' pol 3 ’morphonuclear leukoC34es The sugar content is normal, and no 
bactena are present m the flmd The diagnosis is made by the recognition of the 
focal infection A bram abscess ma 5 ^ produce the same chmcal picture and 
spmal flmd findmgs as an infection ertemal to the memnges A spinal flm 
pressure above 400 mm of cerebrospmal fluid ■with a small reservon suggests 

bram abscess 
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5 Head mjury Trattma of moderate seventy may occasionally be followed 
by memngitis with a lymphocj-tic response m the cerebrospinal flmd (116) The 
foUowmg case historj' illustrates the sudden onset and bnef course of such a 
menmgeal reacbon 

Case ftisforu ” A H , a 13-year-old white schoolboy, entered the Haynes ^Memorial 
Hospital, Boston, ^Mass , on March 11, 1941, with the complamts of headache, vomiting, and 
stifi neck of 2 days’ duration During the previous month he had enj oyed excellent health 
Two days before admission, while he was skung, he fell forward and struck the nght tem- 
poral region of his head He felt dizzy following this accident but he did not lose con- 
sciousness Frontal, bilateral headache soon developed and persisted throughout the 
night On the following morning he became nauseated and vomited He developed stiff 
neck and a fever of 102'F On admission to the hospital he was alert, well-onented, and 
did not appear ill The onlv positive physical findings were a fever of 103°F , a swollen 
area on his head, stiff neck, and a positive Kermg’s sign 

Lumbar puncture revealed ground-glass flmd under an imtial pressure of 205 mm of 
cerebrospmal fluid There were S70 white blood cells per cu mm , of which 75 per cent were 
lymphocytes and 25 per cent were large mononuclear cells The protem content was 50 
mgs per 100 cc , and the sugar content was 117 mgs per 100 cc The white blood cell count 
was 5 350 with a normal differential The sedimentation rate was S mm per hour, and blood 
cultures were negative 

Shortly after admission the patient’s headache and vomitmg ceased His temperature 
slowly fell to normal during the first week of illness, while his pulse rate varied from 60 
to So per minute After a bnef dlness he recovered completely 

An attempt to isolate the vinis of h'mphocj'bc chonomerungibs from the 
pabent s spmal flmd and blood faded Xo complement-fi-vmg or neutralizing 
anbbodies against this virus were demonstrated m his serum after recover}- Al- 
though non-paralybc pohomyehbs, mumps menmgibs, and other infecbons can- 
not be completely excluded the menmgeal reacbon m this pabent and m sundar 
cases IS probably the result of trauma 

6 Infectious mononucleosis Occasionally infecbous mononucleosis produces 
a menmgeal reacbon with a Ijunphocytic response in the cerebrospinal fluid 
(117, 118, 119) This picture simulates the menmgeal phase of hunphocybe 
chonomenmgibs However, as the dlness progresses, b-mphadenopathy, 
splenomegaly, h-mphocj-tosis, and finally sheep cell agglubnins develop, and 
the diagnosis of infecbous mononucleosis is established The following case 
history illustrates the difficult}- m early diagnosis 

Case history “ V M , a 22-year-old student nurse, was admitted to the Metropohtan 
State Hospital, Waltham, ^lass , on May 19, 1941, with the chief complaints of headache and 
fever of 2 days’ duration Xo precursoiy respiratory or intestinal symptoms preceded her 
illness, which began suddenly with headache, fever, and generahzed aches These symp- 
toms mcreased during the next 2 days On admission to the hospital her temperature was 
102-F , and her pulse was 14S per minute The posibve phvsical findings were mild photo- 
phobia EhghUy stiff neck, and several 2 cm lymph nodes m each posterior cervical triangle 

Cerebrospmal fluid drawn on May 22 rei ealed clear flmd under normal pressure, with 12 
lymphocytes per cu mm, 17 3 mgs per cent protein, and So mgs per cent sugar The white 

The authors were allowed to study this patient through the courtesy of Dr Conrad 
Wesselhoeft, physicim-in-chief, Haynes Memonal Hospital 

“ The authors were able to study this patient through the courtesy of Dr H Houston 
Memtt and of Dr William Corwin, ^letropohtan State Hospital 
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blood cell count on ^lay 19 showed 9,SOO cells per cu mm , with S4 per cent polymorpho- 
nuclear cells, 11 per cent lymphocytes, and 5 per cent transitional cells Daily blood counts 
showed an increasmg number of lymphocytes, which rose to 7S per cent on June 4 These 
cells were consistent with those of infectious mononucleosis Heterophile agglutimns in a 
titer of 1 256 developed in her serum by ^lay 29 

Durmg the first 2 weeks the patient ran a febnie course with almost daily swings of 
temperature from 9S° to 104°F Shortly thereafter the temperature returned to normal 
^Moderate headache and stiff neck persisted during the first week Small axillary and 
inguinal lymph nodes developed, the cervical lymph nodes increased m size, and the spleen 
became palpable during the second week On June 10 the patient got out of bed, and she 
was discharged one week later She has remained well 

7 Oilier diseases producing a lymphocylic reaction in the spinal fluid Anumber 
of other infectious diseases may rarely be considered m the difterential diagnosis 
of lymphocytic chonomenmgitis Of the bactenal diseases, brucella and hster- 
ella menmgitis have been reported In addition, spirochetal mfections (lepto- 
spirosis and tiypanosomiasis), yeasts (torula), actmomycosis, blastomycosis, 
nchettsiae (tn^phus fever), worms (ascans), and foreign protein mjechons may 
produce memngeal symptoms with a mononuclear response in the spmal flmd 
A similar menmgitis has been reported m leukemia, Hodgkin’s disease, and 
pemphigus Acute multiple sclerosis may produce the clmical picture of en- 
cephahtis with a lymphocytic reaction m the sp inal flmd Rare instances of 
bram tumor with no locahzed signs, but with a lymphocydic reaction m the 
cerebrospmal flmd, do occur Thus the differential diagnosis includes at least 
20 known illnesses Even if all of these diseases can be excluded, the diagnosis 
of l 3 'mphocxi;ic chonomenmgitis can not be made defimtely, for the remainmg 
group of cases mcludes patients with acute aseptic menmgitis of completely un- 
known etiology, as weU as cases of hunphocytic chonomenmgitis 

5 Acute aseptic meningitis of unknown etiology When the virus of lympho- 
cxiac chonomenmgitis was first isolated, some clmicians suggested that all cases 
which fulfilled Wallgren’s cntena of acute aseptic menmgitis were due to this 
virus Tin-; assumption proved to be mcorrect In a study of 29 cases of acute 
aseptic menmgitis, Baird and Rn'ers (31) found that only S cases (28 per cent) 
were due to this xmis Armstrong (37) studied the convalescent sera of 53 
patients with acute aseptic memngitis and found that m only 32 per cent was 
there serological ex'idence of an infection with the nrus 

The diagnosis of lymphocjiic chonomenmgitis is an etiological one based upon 
the demonstranon of virus m the patient’s spmal flmd or of the development of 
antibodies m his convalescent serum Nevertheless, with a knowledge of the 
clmical and epidemiological pecuhanties of this infection, it is possible m some 
patients to differentiate cases of acute aseptic menmgitis caused bj’ the virus of 
hunphocvtic chonomenmgitis from those of unknoxm etiology The authors 
hax e studied a group of cases of acute aseptic menmgitis at the Boston Citj 
Hospital and the Peter Bent Bngham Hospital, Boston, ^lass They have been 
able to nredict m some instances whether a particular case xvas the result of an 
infection with the xmis of lymphocytic chonomenmgitis or not Predictions o 
XTTUS etiology were made on the bases of the foUowmg three cntena 
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(a) Mouse contact A historj' of handling dead mice or an observation to sug- 
gest contact with mice excreta was obtamed Obnouslj', this is only drcum- 
stantial evidence, for mouse inhabitation does not necessanlj* mean that the mice 
are earners of the virus In one case the historj' of handhng a dog sick with 
distemper was obtamed 

(b) The 'presence oj a definite prodromal illness A febrile sj stemic infection has 
been reported m three-fourths of the cases of nrus etiology In contrast with 
this, m most of the cases of acute aseptic menmgitis of unknown etiology, there 
has been a sudden onset of menmgitis with no antecedent prodromata 

(c) The number of lymphocytes in the cerebrospinal fluid Rivers studied the 
maximum ceU count m 23 cases of lymphocytic chonomenmgitis and m 19 cases 
of acute aseptic menmgitis of unknown etiology The ceU counts m the cases of 
virus etiology tended to be higher than those m the other group Of the cases 
mfected with the virus, 48 per cent had more than 1200 cells per cu mm at some 
tune durmg the menmgeal phase, while none m the other group had ceU counts 
that high TThen the ceU count rises above 600 limphocvdes per cu mm , 
chonomenmgitis virus infection is probable 

The foUowmg 3 cases are examples of the diagnostic possibihties of these entena 
In the first 2 cases correct predictions were made, whereas m the third case an 
mcorrect diagnosis was made 

Case 1 A A (Boston City Hospital Xo 966633), a 23-yeai-olci white, single girl, em- 
ployed in a clothing factory, was admitted to the hospital on December 31, 1939, with the 
chief complaint of headache of 5 days’ duration 

1) Mouse contact The patient’s home was not inhabited by mice, but the clothing 
factory where she was employed to sew buttons on matenal, was overrun with them They 
left their tracks m the button boxes She had noted that sandwiches left on the work 
bench for an hour or two were contaminated with their feces 

2) Precursory symptoms Xine days before admission, the patient noted the sudden 
onset of “gnppe,” characterized by generalized aches, pam in the back, and shght sore 
throat Her temperature was lOO'F (orally) Shortly afterwards the symptoms regressed 
and she felt well Five days before admission she de\ eloped headache, dizzy spells, oc- 
casional blurring of vision, and stiS neck 

3) Spinal fluid The maximum cerebrospmal flmd cell count was 714 lymphocytes per 

cu TOTTI 

Smee this patient fulfilled all 3 criteria, a prediction of lymphocytic chonomenmgitis 
was made, and it was confirmed Serum drawn m March, 1941, contained neutrahzing anti- 
bodies against the virus of lymphocytic chonomenmgitis 

CascS T B (Peter Bent Bngham Hospital Xo 5S656), a 15-year-old white, single girl, 
was admitted to the hospital on December 29, 1940, with the chief complaints of headache, 
fever, and \ omitmg of 3 davs’ duration 

1) Absence of mouse contact Xo histon- of any mouse inhabitation of her home could 
be obtamed, and there were no dogs m the household 

2) Absence of prodromata This patient was well and attended school eveiy day during 
December On December 25 she ate a large Christmas dinner and went to the theatre in the 
evemng On December 26, a seiere headache suddenly developed, followed by fe\er,stifi 
neck, and i omiting 

3) Spinal fluid The maximum cerebrospmal flmd ceU count was 155 hmphocytes 
per cu mm 
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It was predicted during the meningeal phase of her illness that this patient had an acute 
aseptic meningitis of unknown etiologj’, not due to the Tims of lymphocytic chonomemngi- 
tis Her spinal flmd, blood, and unne were inoculated into mice and gmnea pigs with 
negative results After recovery no complement fixing or neutrahzing antibodies against 
the virus of lymphocytic chonomemngitis developed 

Case S A C (P B B H Ho 59062), a 27-year-old marned, silverpressman, was ad- 
mitted to the hospital on February 15, 1941, with the chief complamts of headache, fever, 
shaking chills, and stiff neck of 3 dai's’ duration 

1) Mouse contact This patient’s home and place of work were both infested with mice 
Four months before his illness he had touched a recently killed mouse by the tail at his 
home 

2) Prodromata During the month before his illness the patient had felt qmte “tired 
and run down ’’ He had no defimte febrile prodromal illness 

3) Spinal fluid The maximum cerebrospmal fluid cell count was 3S4 lymphocytes per 
cu mm 

With suggestiie epidemiological observations, a prediction of iTTnphocytic chonomen- 
mgitis was made However, no varus was isolated from the patient’s spinal flmd, blood, 
mouth washings, unne or feces He did not develop antibodies against the virus of lym- 
phocj-tic chonomemngitis Alice trapped at his home and place of work were not cariying 
the vnrus 

These illustrations suggest that m some cases one can predict correctly whether 
or not a particular case of acute aseptic merungitis is due to the virus of lympho- 
cj'tic chonomemngitis If the clmical picture is classical, if the epidemiological 
observations are suggestive, and if there are 600 to 1200 Ij-mphocj-tes per cu mm 
in the cerebrospmal flmd, a piediction is probably justified However, a histoiy 
of infection v hich does not fulfill all 3 cntena ma}’ or may not be due to the tutus 
In eveiy case the diagnosis can only be established by virus and serological 
studies 


J Therapy 

1 Symptomatic therapy Durmg the memngeal phase of the illness, severe 
headache is sometimes reheved by repeated lumbar punctures With the de- 
Tclopment of parahsis m cases of encephalomj’ehtis, orthopedic measures are 
mdicated 

2 Specific therapy Sulfanilamide has been used m several cases with no ap- 
parent change m the course of the disease In one case with 4 recurrences of 
merungitis, sulfanilamide was used each time with a prompt fall m temperature 
(26) However, the recurrences suggest that the therapy was of questionable 
T alue Xo serum treatment has been reported Fmdlay and his co-workers (19) 
have recently reported a proved case of the disease, which developed durmg a 
course of sulfapyndme giv en for a urethritis A dminis tration of sulfanilamide 
faded to alter the progress of the chonomemngitis significantly' Rosenthal (120) 
has presented evudence that m mice moculated mtracerebraUj' with this virus, 
prontosd, but not the other sulfonamides, exerts a slight protectn e and thera- 
peutic action 
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K Sumviary and conclusions 

An attempt has been made to present sj'stematicaUj* our knowledge of mfec- 
tions with the virus of li'mphoci’tic chonomemngitis, from a review of the ht- 
erature and from some of our own data 

The conception of the cluneal picture of this infection has greatly changed 
Experimental evidence suggests that an asymptomatic or febnle, gnppe-hke 
lUness IS probably the commonest form of the disease m man Durmg this stage 
the virus may be isolated from the blood with regulantj* In some patients this 
sj'stenuc lUness is followed bj' a remission and then by the development of a 
lymphociiic menmgitis m which the virus is present only m the spmal fimd In 
a few patients, this second phase of the disease mai' take the form of an en- 
cephalomyehtis Although generally bemgn, the disease maj* be fatal or may 
produce an obhteration of the subarachnoid space with hydrocephalus or cord 
symptoms 

The virus of hunphocidic chonomemngitis has a small size of about 40 milli - 
nucrons It has quite a wide range of pathogemcitj* among animals, monkeys, 
rats, rmce and gumea pigs bemg susceptible In aU these ammals it produces a 
generalized form of mfection with mvolvement of the memnges, which is par- 
ticularly marked if mtracerebral moculation is used Alice that acquire the m- 
fection tn ntero or m the suckling penod become earners of the virus, which may 
be found for long penods m the sahva, nasal washmgs blood, unne feces, and 
semen Such nnce pass the infection on to succeedmg generations in iiiero 
Dogs and ferrets may have asimiptomatic infections also 
Resistance to reinfection develops rapidli* m ammals after mjection of the 
VITUS, but antibodies do not appear until long afterwards Complement fixmg 
antibodies for the soluble antigen and not the i mis itself appear about 4 weeks 
after onset m man and can be detected for several months Xeutralizmg anti- 
bodies to the VITUS itself do not appear unbl 2 to 3 months after onset, but usually 
persist for several years It is possible that m a few patients such antibodies 
may never appear m detectable amounts 

The pathology of chonomemngitis infection m man, and particularly animals, 
IS that of a generalized infection Lesions present m all species, though vanung 
m degree, are mterstitial pneumoma focal necrosis of the liver, and chono- 
memngitis The latter consists of lymphocytic infiltration of the memnges and 
choroid plexus, with very httle penvascular cuffing and necrosis m the substance 
of the bram It is this stnkmg contrast between the mtensity of the memngeal 
reaction and the paucity of lesions m the bram substance which characterizes this 
infection 

Studies by others have proved that a virus resen oir exists m gre}* mice m close 
association with human cases of lymphocytic chonomemngitis The authors 
have presented studies on a proved case of chonomemngitis infection, m which 
the exact time of mouse contact was known The virus was obtamed from rmce 
in the home Epidermologic endence was obtamed that a focus of mfecnon had 
been present in that area for at least S years, and that the infection was trans- 
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It Tvas predicted during the meningeal phase of her illness that this patient had an acute 
aseptic memngitis of unknown etiologj*, not due to the virus of l^unphocytic chonomeninm- 
tis Her spmal flmd, blood, and unne were inoculated into mice and guinea pigs with 
negative results After recovery no complement fixing or neutralizing antibodies against 
the virus of Ijunphocytic chonomemngitis developed 

Case S A C (P B B H ITo 59062), a 27-year-old married, silverpressman, was ad- 
nutted to the hospital on Februan* 15, 1941, with the chief complaints of headache, feier, 
shaking chills, and stiff neck of 3 daj-s’ duration 

1) -1/oiise contact This patient’s home and place of work were both infested with mice 
Four months before his illness he had touched a recently killed mouse by the tail at his 
home 

2) Prodromata During the month before his illness the patient had felt qmte “bred 
and run down ” He had no defimte febnle prodromal illness 

3) Spinal fluid The maximum cerebrospinal flmd cell count was 384 lymphocytes per 
cu mm 

With suggestive epidemiological observations, a prediction of Ijunphocjdic choriomen- 
ingitis Was made However, no mrus was isolated from the pabent’s spinal fluid, blood, 
mouth Washings, urine or feces He did not develop anbbodies against the virus of lym- 
phocjdic chonomemngitis Alice trapped at his home and place of work were not carrying 
the virus 

These illustrations suggest that m some cases one can pi edict correctlj’ whether 
or not a particular case of acute aseptic meningitis is due to the virus of Ijunpho- 
C3i:ic chonomemngitis If the climcal picture is classical, if the epidemiological 
observ ations are suggestive, and if theie are 600 to 1200 Ijunphocides per cu mm 
m the cerebrospmal flmd, a piediction is probablj’ justified However, a historj’^ 
of infection which does not fulfill all 3 cntena maj’’ or maj’’ not be due to the vnrus 
In everj”^ case the diagnosis can onlj’^ be established by v^irus and serological 
studies 


J Therapy 

1 Symptomatic therapy Dmang the memngeal phase of the illness, severe 
headache is sometimes relieved bj- repeated lumbar punctures With the de- 
velopment of parahsis in cases of encephalomjmhtis, orthopedic measures are 
mdicated 

2 Specific ihei apy Sulfanilamide has been used m several cases with no ap- 
parent change m the course of the disease In one case with 4 recurrences of 
memngitis, sulfamlamide was used each time with a prompt fall m temperature 
(26) However, the recurrences suggest that the therapj"- was of questionable 
value Ko serum treatment has been reported Fmdlay and his co-workers (19) 
have recentW reported a proved case of the disease, which developed dunng a 
course of sulfapv’ndme given for a urethntis Administration of sulfanilamide 
failed to alter the progress of the chonomemngitis sigmficantb' Rosenthal (120) 
has presented endence that m mice moculated mtra cerebrally with this virus, 
prontosd, but not the other sulfonamides, exerts a shght protectiv e and thera- 
peutic action 
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tracerebral mjecnon of 0 03 cc of 100 lethal doses of a virus strain Olms Strain 
B) isolated from the grey mice captured at the patient s home 

AH of the five mice vrhich had received the bactena-free bram emulsion from 
the third mouse developed sj-mptoms on the seventh day after inoculation Tvro 
of them died on the eighth day A third mouse vras sacrificed m order to pass the 
virus to another generation of mice The fourth and fifth mice developed severe 
convulsions but recovered Smce that time the virus has been transferred 
serially through 20 passages Its virulence has increased so that on the fifth 
passage 0 03 cc of a mouse brain emulsion m a dilution of 1 ’ 10 000 upon in- 
tracerebral rejection mto mice was lethal on the eighth daj* It has mamtamed 
this potency m mice 

The gmnea pig which had received a subcutaneous mjection of 2 cc of the 
patient s spmal fimd on November 29, developed a fever on the fifth day which 
rose to 103 5~F (rectally) He lost weight rapidly and shed his hair noticeably 
On the thirteenth day after mocuiation he appeared weak and dyspneic and died 
on the following dry An emulsion of his hver spleen kidnev and lung was re- 
jected subcutaneously mto a second guinea pig This guinea pig also developed 
fever and died on the twelfth day after inoculanon 

A second sample of spinal fluid removed from the patient on December 5 was 
rejected mto 4 white mice (0 03 cc each mtracerebrally) On the seventh day 
after mocuiation the mice developed photophobia nifaed hair and mild con- 
vulsions but their behavior remained active None of these mice died Three 
weeks later these mice received an intracerebral mjecnon of 0 03 cc of 10 lethal 
doses of a standard strain of hmiphocitic chonomenregitis virus - They de- 
veloped no siTuptoms and were discarded at the end of two weeks under ob- 
servation 

Blood On Xovember 29 5 cc of the patient s blood was rejected mto a 
gmnea pig (4 cc retrapentoneally and 1 cc subcutaneously) From the fifth 
day to the eighth dav after mocuiation the guinea pig s temperature ranged from 
104° to 104^°F (rectally) On the fifteenth day he became restless dyspneic 
and he began to lose weight rapidly and died on the twent\--fifth day after 
mocuiation 

2Llouth wasJiiugs On December 2 the patient gargled 20 cc of bacteriological 
broth These mouth washmgs were passed through a Berkfeld V filter Three 
Swiss mice were injected mtracerebrallj. with 0 03 cc of the washmgs and two 
mice were rejected retrapentoneally with 0 1 cc of the filtered broth Xone of 
these mice developed any symptoms of Jlness When the mice were moctilated 
one month later with potent virus they were all sucepnble Therefore, no 
endence of the presence of the virus m the patient s mouth washmgs was ob- 
tamed 

^ This virus strain was ongmaUv obtained from Dr Charles Arms’rona Xational Insti- 
tute of Health, Washington, D C It was received through the kindness of Dr LeRo^ 
Fothergdl, Dsnartment of Bacteriology, Harvard Medical School In this naoer it is 
designated as Mrus Strain C 
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nutted from one mouse generation to the neTt tn utero Although there is strong 
eAudence for the mouse-to-man transmission of chonomemngitis infection outside 
of the laborator}', the exact portal of entry of the virus is unlmoini Dogs may 
possibl3' be the source of some human infections 

The differential diagnosis of l3miphoe5’tic chonomemngitis m its menmgeal 
form mi olves the elimmation of all the othei tnoTm infections which may cause a 
l3Tnphoc3’tic reaction m the cerebiospmal flmd In addition, cerebral trauma, 
foci of infection near the menmges, and tumors, ma3'’ occasionall3^ produce a 
similai picture When these are ehmmated, onl3’' one case m three of acute 
aseptic memngitis will be found to be due to chonomemngitis virus A stor3' of 
mouse contact, a prodromal lUness, and a spmal flmd l3Tnphoc3'te count over 
600 /mm ® hai’-e been found useful entena of infection due to this specific virus 
The encephalom3mhtic form must be distmguished fiom pohom3mhtis and other 
types of encephalom3mhtis The S3^stenuc form must be distmguished from 
influenza and other febnle illnesses with leukopema An etiologic diagnosis can 
be made onl3’- by the isolation of the nrus or demonstration of the development 
of complement fixmg or neutrahzmg antibodies m response to the infection 

Tberap3’- is purety S3Tuptomatic at present 

From this surA'e3% it is endent that the role of chonomemngitis mins in un- 
explamed fei'ere, i^irus pneumomas, pleuns3' with effusion and potyserositis, 
desen es much more study The suggestive emdence that this Aurus may be 
imphcated m some of the at3TJical encephahtides should be confirmed or dis- 
proTCd 


L Appendix virus studies hy the authors 

1 Isolation of the virus from patient E A {Fig 1) Spinal fluid Spinal 
flmd, remoAmd fiom the patient on KoAmmber 29, was mjected mto 5 albmo, 
Svnss nuce (0 03 cc each, mtracerebrall30 and mto one gmnea pig (2 cc sub- 
cutaneousty) On the seA'enth da 3 ’’ after moculation, all the mice were mactive, 
their hair was ruffled One mouse died on the eighth day m a convulsion vnth 
spastic extension of the hmd legs, while a second mouse deimloped conAiilsions on 
the eighth da 3 ’’ and was sacnficed The brains of these 2 nuce were remomd 
asepticall 5 ’’, and 0 03 cc of a 10 per cent broth emulsion of the brains was mjected 
mtracerebrall 3 ’^ mto each of 2 Savtss mice A third mouse deimloped severe 
conAmlsions on the mnth da 3 ^ He was sacnficed, and a bram emulsion was m- 
jected mtracerebrall 3 ^ mto 5 Swiss mice The remauung two mice dei eloped 
photophobia, ruffled hair, mactmty and conAiilsions lastmg from the nmth to the 
twelfth da 3 ', but recoA-ered One month later, the 3 ’ recened an mtracerebral 
mjection of 0 03 cc of 100 lethal doses of the patient’s Aims f^^irus Strain E A ) 
From these mjections the nuce dcA'eloped no s 3 inptoms, and the 3 " were discarded 
two weeks later Thus the 3 - showed defimte immimity to the patient’s 

The two mice which had receiA ed the emulsion of the brains of Mice 1 an 
deA eloped conAulsions on the eighth da3', but recoAcred from then illnesses 
Three weeks later each of these two mice aa as shoAvn to be immune to t le m- 
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tracerebral mjecnon of 0 03 cc of 100 lethal doses of a vmis stram (Yinis Strain 
B) isolated from the grev mice captured at the patient s home 

All of the fire mice vrlncb had received the bactena-free bram emulaon from 
the third mouse developed symptoms on the seventh day after moculation Tvo 
of them died on the eighth day. A third mouse was sacrificed m order to pass the 
virus to another generation of mice The fourth and fifth mice developed severe 
convulsions but recovered Smce that tune the virus has been transferred 
serially through 20 passages Its virulence has increased so that on the fifth 
passage, 0 03 cc of a mouse bram emulsion in a dilunon of 1:10 000 upon m- 
tracerebral mjection mto mice was lethal on the eighth day It has mamtamed 
this iiotency m mice 

The gumea p’g which had received a subcutaneous mjection of 2 cc of the 
patient's spmal fimd on Xo\ ember 29 developed a fever on the fifth day which 
rose to 103 o'T (rectally) He lost weight rapidly and shed his hair noticeably 
On the thirteenth day after moculation he appeared weak and dyspneic and died 
on the following day. An emulsion of his hver spleen, kidney and limg was m- 
jected subcutaneously mto a second guinea pig This gumea pig also developed 
fever and died on the twelfth day after inoculation 

A second sample of spmal fimd removed from the patient on December 5 was 
mjected mto i white mice (0 03 cc each mtracerebrally) On the seventh day 
after moculation the imce developed photophobia ruffied hair and mild con- 
vulsions but their behavior remained acnve Xone of these mice died Three 
weeks later these rmce received an mtracerebral injection of 0 03 cc of 10 lethal 
doses of a standard strain of lymphocytic chonomenmgitis virus - They de- 
veloped no stmiptoms and were discarded at the end of two weeks under ob- 
servation. 

Blood On Xovember 29 5 cc of the patient’s blood was mjected mto a 
gumea pig (4 cc mtrapentoneally and 1 cc subcutaneouslj’) From the fifth 
day to the eighth day after moculation the guinea pig s temperature ranged from 
104° to 104.2°F (rectally) On the fifteenth day he became restless dyspneic, 
and he began to lose weight rapidly and died on the twenty-fifth day after 
moculation. 

Mouth ira^hiiigs On December 2 the patient gargled 20 cc of bacteriological 
broth Th^ mouth washmgs were passed through a Berkfeld V filter Three 
Swiss mice were mjected mtracerebrallj. with 0 03 cc of the washmgs, and two 
mice were mjected mtrapentoneally with 0 1 cc of the filtered broth None of 
these mice developed any symptoms of lUness When the mice were moculared 
one month later with potent virus they were aU sucepbbie Therefore no 
evidence of the presence of the virus m the patient s mouth washmgs was ob- 
tamed 

^ This VITUS strain ivas ongmally ob-^amed from Dr Charles .Vnnstronu Xationa! Insa- 
ruie ol Health, W as hington, D C It was received througn the kindness or Dr LeRov 
Fotnergill, Denartment of Bacteriology, Harvard Medical Schoo’ In this oane- it is 
designa'ed as Virus Strain C 
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Summary A sumraarj* of the results of auimal inoculations with spmal fluid, 
blood and mouth washings from the patient follows 

1 Spmal flmd 

A Xorember 29 (the sei'enth day of meningitis) 

(1) 5 mice — 0 03 cc intracerebraUy 

a One mouse died with the chmcal picture of the virus infection 
b Two mice developed symptoms of the virus disease and their brains trans- 
mitted the infection to a second generation of white mice 
c Two mice developed s\-mptoms of the virus disease and recovered Thei 
developed strong immumty to the virus infection 

(2) 1 guinea pig — 2 0 cc subcutaneousb' 

This gmnea pig developed a chmcal picture consistent with the virus in- 
fection An emulsion of his viscera transmitted the disease to a second 
guinea pig 

B December 5 (the thirteenth dai of the memngitis) 

(1) 4 mice — 0 03 cc intracerebraUy 

These mice developed the symptoms of the virus infection They re- 
covered and were shown to be immune to a standard strain of the virus of 
lymphocytic chonomemngitis 

2 Blood — ^Xovember 29 (the seventh daj* of the memngitis) 

A 1 giunea pig — 4 0 cc intrapentoneaUy and 1 0 cc subcutaneously 

This gumea pig died on the twenty-fifth day after inoculation, with a 
chmcal course consistent with the virus infection 

3 Mouth Washings — December 2 (the tenth day of the memngitis) 

A 3 mice — 0 03 cc intracerebraUy 

2 mice — 0 1 cc intrapentoneaUy 

These mice developed no symptoms and possessed no unmumty to the 
virus infection 

2 Eiidence that virus strain E A was obtained from the 'patient's spinal fluid, 
and not from the injected mice (1) If the t irus were being earned in certain 
members of the mouse stock, immime mice should have been encountered This 
was defimtelj' not the case Everj’’ smgle mouse which was moculated with the 
patient’s spmal flmd either 1) died of the nrus infection, 2) transnutted the virus 
to a second generation, or 3) was shown to be immune to the t inis upon a second 
moculation In contrast with this, everj’^ mouse moculated with mouth washings 
was found to be susceptible on remoculation Furthermore, mice from the same 
stock moculated with spinal flmd, blood, urme, feces and mouth washings from 
other patients, not suftenng from the specific imis of Ijmphocjiic chono- 
menmgitis, were all susceptible to subsequent moculation mth the innis of 
limphocj'tic chonomemngitis In one immunity test on mice prenousty in- 
jected with negative matenal, everj’ one of 35 mice died between the sixth and 
eighth days after moculation with the virus 

(2) In addition, a stock mouse was sacrificed, and a 10 per cent emulsion of his 
bram was prepared This was mjected mtracerebrally mto 4 white mice Kone 
of these mice dei eloped anj' sjmptoms, and all the mice died upon inoculation 

with the imis , 

(3) Three stock mice were mjected mtracerebraUj’ with stenle bactenoiogicai 
broth Xone of these mice developed sjmptoms m two weeks, and all were 
suscepfable to a subsequent moculation with the imis 
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3 Iso^aiton of the Virus froiv the grey mice IMus musculus at the patients 
home From December 10 to 20 bos traps ttere set m the kitchen and bathroom 
of the natient s home Fonr hve mice trere caught A stenle emulsion of Ft er, 
snleen and kidneT from the first ttto mice teas mjected mtracerebrally mto 6 
vrhite mice Xo STmntoms developed and the mice ttere later shown to have 
devdooed no evidence of immunity A brain emulsion from the third grey 
mouse tvas mjected mtracerebrally mto 4 mice These mice devdoped nnld 
symptoms recovered and ttere later shovm to be immune to 10 lethal doses of 
the standard strain of the virus (Mrus Stram C) A bram emulsion prepared 
from the fourth grey mouse was also mjected mtracerebrally mto four white mice 
These imee devdoped no symptoms and were later shown to be susceptible to 
moculanon with the virus 

On December 17 three hve grey mice (an adult male a female and a pre gnant 
female) were trapped m the basement of the apartment where the patient hved 
An emulsion of the livers spleens and kidneys of these three mice was mjected 
into four white mice (0 03 cc mtracerebrally and 0 1 cc mtrapentoneally) and 
mto one gumea pig (0 5 cc subcutaneoudy and 0 5 cc mtrapentoneally) On 
the sixth day after moculation aU four of the mice had ruSed hair they were 
inactive they were breathmg rapidly and they had convulsions On the 
seventh day two of the mice were sacrificed and then- organs rapidly frozen 
On the mnth day the other two sick mice were sacrificed and a bram emulsion 
was passed to a second generation of five white mice This emulsion also m- 
cluded a bram from a white mouse sick from an emulsion of the embryos of the 
pregnant grey mouse mentioned above 

The gumea pig developed a temperature of 105 4°F. (rectaUy) on the fifth 
day and died on the sixth day The lungs showed gross consohdanon and 
hemorrhagic areas An emulsion of its hver spleen kidney, and lung was passed 
to a second gumea pig (This emulsion showed a colon baciUus contaminant 
m dextrose broth with no growth on thioglycollate) The second gumea pig 
developed a fever of 101 5"F (rectally) on the thud day and died on the seventh 
day The lun^ showed gross consohdation The heart s blood was sterile on 
culture 

Three embryos from the pregnant mouse caught m the basement of the apart- 
ment were removed with great care so that no maternal blood or tissue would 
contammate them These were emulsiSed and mjected mto three white rmce 
(0 3 cc mtracerebraUy and 0 1 cc intraiieritoneally) On the sixth day after 
moculation all three of the mice showed niSed hau labored breathmg and 
convulsions On the seventh day, one mouse died m a termmal convulsion 
A second mouse was sacrificed on the seventh day His chet cavin- showed 
bilateral pleural eSiisions A smear of this flmd showed a predommance of 
mononuclear cells and no organisms Cultures of the Smd were neaative A 
thud mouse was sacrificed on the nmth day and hah" of his bram was emulsiSed 
with the two brains from mice injected with the organ emtilsion of the three grev 
mice trapped m the basement of the apartment buildma 

This bram emulsion denvmg from the organs of three grey mice and from 
the embryos of the pregnant grey mouse was mjected mtracerebrally mto five 
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■vvlute mice m tivo dilutions Three mice received a 1 10 dilution and two mice 

received a 1 1000 dilution of the emulsion All five mice showed connilsioiis 

on the sixth daj^ One of the nuce mjected with a 1 1000 dilution died with 

extension of the hmd legs on the sixth day The other mouse, which had 

received the 1 1000 dilution of the emulsion, was sacrificed tn extremis on the 
eighth day m order to pass the nrus stram Of the three mice which had re- 
ceived the 1 10 dilution, one was sacrificed and the bram frozen The other two 
mice recovered and were later shown to be immune to moculation with the 
standard vniis stiam C 

On the next passage of the gre 5 ' mouse virus stram (I'lrus Stram B), the Tirus 
was fatal to mice on the eighth day m a dilution of 1 10,000 After its isolation, 
T mis stram B was passed through eleven generations of white mice, untd its 
serological identity with the patient’s ITrus E A and the standard mrus strain 
C had been defimtel}’ established 

Summary A summary of the results of animal moculations with emulsions 
of tissues from grey mice trapped m the patient’s home, follows 

1 Liver, spleen, and kidneT' of 3 grey mice — virus infected 

A 4 white mice — 0 03 ce intracerebrally and 0 1 cc intrapentoneally 

All 4 mice developed virus infection Two mice transmitted the virus 
B 1 guinea pig — 0 5 cc subcutaneously and 0 5 cc intrapentoneally 

Fei er and death in 6 days An organ emulsion killed a second giunea pig 
in 7 days 

2 Three embryos of a pregnant, grey mouse — virus infected 

A 3 white mice — 0 03 cc intracerebrally and 0 1 cc intrapentoneally 

One mouse died on the seventh day A second mouse showed bilateral 
pleural effusions (with mononuclear cells, with no bactena, and \nth sterile 
cultures of the fluid) The third mouse transnutted the nrus 

3 Brain of one grej mouse — virus infected 
A 4 white mice — 0 03 cc intracerebralli 

All mice dei eloped a mild infection, recovered, and were later shown to be 
immune to the virus 

4 Brain of one grej mouse — not infected 

A 4 white mice — 0 03 cc intracerebrally 

Iso evidence of infection, and no immumtj 

5 Liver, spleen, and kidnej- of 2 grey mice — not infected 
A 6 white mice — 0 03 cc intracerebrally 

Xo evidence of infection, and no immumty 

4 Evidence that Virus Strain B was obtained from the grey mice at the patient s 
home, and not from the injected white mice The endence presented here is 
similar to that previously presented to show that the 1'irus Stram E A was 
isolated from the patient’s spmal flmd 

The apparentiv greater pathogemcity of the more dilute emulsion appears paradoxical 
However, this phenomenon has been described prenoush' with this virus The following 
observation was made on the inoculation of chick embrj o tissue into white mice In a ew 
cases, there seemed to be a 'pre-zone’ in the activit 3 of the virus, some of the animals receiv- 
ing the 1 X 10“‘ dilution fading to develop as defimte symptoms or even survmng c 
inoculation, while those in the 1 X 10"’ dilutions reacted characteristically Bengston 
and Wooley (o4) 
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(1) In the course of mjections of grej* mouse emulsions mto white mice, 
immune and sick white mice were not encountered m a fortuitous maimer 
Ten white mice were m^ected with negative emulsions from grei’ imce All 
ten of these imce were later shown to be susceptible to moculation with the virus 
In contrast with this, eleven white imce were mjected with grey mouse tissue, 
from which the vims stram B was isolated All eleven of these mice showed 
evidence of the virus infection m one of the foUowmg mann ers a) chmcal picture 
of the disease, b) death from the virus infection, c) tr ansmis sion of the virus to a 
second generation or d) complete mimumti' to the vims on a second moculation 
In addition negative matenals, mjected mto other stock mice at the same tune, 
never resulted m any imm unity- to the virus 

(2) The presence of pleural efiusion m white mice as a result of moculation 
with vnus-mfected grey mouse material is a characteristic response, reported 
under the same conditions by Armstrong This fact presents additional 
evidence that the vims stram existed m a viscerotropic form m grey mouse 
earners at the home of the patient 

(3) A bram emulsion of a stock mouse was mjected mto white mice It pro- 
duced no iBnes and no unmumti' Similarly, the mjeetion of sterile broth pro- 
duced no infection and no unmumti' m stock mice 

Conclusion This evidence deSmtely shows that virus stram B was isolated 
from the grey mice at the patient’s home and that it was not a vims bemg 
earned m the stock mice Of the six emulsions of grey mouse tissue, three of 
them showed evidence of virus infection Approximately 50 per cent of the 
nuce at the patient s home were probablv canymg the vmis stram B Thus, 
when the patient took a dead mouse from a trap at her home just before her 
illness, there was approximately a 50 per cent chance that her hands came m 
contact with a mouse earner of a virus similar to the one which produced her 
illnes It was next necessarj- to show that the virus isolated from the patient’s 
spmal flmd and the virus isolated from the grey mice at her home were serologi- 
cally identical with each other and also with a standard stram of h’mphoc 3 'tic 
chonomemngitis 

5 Idcnlification of Tiri/s Strains E A and B icith the standard Virus Strain 
C of It/mphocyiic choriomeningitis The evidence presented below demonstrated 
that the three strains of the vims of hinphocytic chonomemngitis were serologi- 
cally identical 

A A number of mice, which had received mtracerebral mjections of one 
stram of the nrus m the course of its isolation developed tiyucal simptoms and 
recovered The immimin' of such rmce to mtracerebral mjections of a potent 
emulsion of a different stram of the vims mdicated that the strains were serologi- 

” When {reshl^ isolated mouse strains are inoculated subcutaneoush or inrrapen- 
toneallv, the ammals develop marked dilaculty of respiration, and at autopsy the chest 
cant\ IS found filled with a clear virus-contaimng flmd Lesions are entireh lackmc 
when the neurotropic brain transfer virus is sumlarly inoculated” (16) 

^ The mice used in these studies were obtained from two sources (I) Stock mice at the 
Peter Bent Bngham Hospital, and (2) mice bought from a single breeder of mice Both 
sources of mice were tested for possible virus earners and were found to be negative 
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call3^ identical AH of these tests of immunity have been descnbed in the de- 
tailed exposition of the isolation of the two virus strains Thej^ are summanzed 
in Table 7 In bnef, all the mice injected with one stram and then with a second 
strain were found to be imm une, whereas all the controls inoculated for the 
first time were found to be susceptible 

B The serological identit}' of these three strains was further demonstrated 
as follows An imtial immunizmg, subcutaneous dose of one lurus was followed 

TABLE 7 


The results of reinoculahon of mice with a different strain of virus following a previous intra- 
cerebral inoculation 


OZJGn,AZ ISTRACERTBRAZ I 
EtOCUXATIOS WITS | 

HE-^OOTLATTON INTEA- | 

CEEXBBAiis vnrn 

■STJMBEE or sncE nijEcro 

VmiBEE OP laCE SIrE\TV'I^C 

thrus E A 

Virus C 

4 

4 

Virus B 

Virus C 

7 

7 

Controls 1 

Virus C 

4 

1* 

t'lrus E A 

Virus B 

2 

2 

Virus C 1 

thrus B , 

1 

1 

Controls 

Virus B 

4 

0 


* This mouse showed sj-mptoms of the disease, but recovered 


TABLE 8 

The results of intracerebral inoculations of different virus strains following a preiious 

subcutaneous inoculation 


OEIGINAL StTBCUTANTOrS 
INOCULMIOV VrrtH 

EE INOCnLATIOS INTEA- 
CE2JEBEALL\ VHtS 

VTilBEE op incx IN JECTED 

NTJUBEE OT met SCEtTTINO 

Virus B 

t^rus E A 

4 

4 

Virus C 

Virus E A 

4 

4 

Controls 

tlrus E A 

S 

0 

JConnal brain 

Virus E A 

4 

0 

Virus E A 

Virus B 

4 

4 

t^rus C 

Virus B 

4 

4 

Controls 

Virus B 

4 

0 

Virus E A 

t'’irus C 

3 

3 

Virus B 

tnrus C 

5 

5 

Controls 

Virus C 

4 

1 


seven daj's later b}' an mtracerebral mjection of 10-100 lethal doses of a different 
virus stram For example, four mice were mjected subcutaneous!}' with 1 0 cc 
of virus stram E A Seven daj'S later these mice received an mtracerebral 
mjection of 0 3 cc of a 1 100 dilution (100 MLD) of nrus stram B hTone of 
these developed anj* sj'mptoms, and thej' were discarded on the fourteenth daj' 
At the same tune, four mice which had had no previous mjection, were moculated 
mtracerebraUy with 0 03 cc of a 1 100 ddution of torus stram B, to act as con- 
trols All foxu of these mice died of the disease m 7 or 8 days As a further 
control of this method, it was showoi that the mjection subcutaneouslj mto 
mice of an emulsion of normal mouse bram mduced no etodence of protection 
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The results of these inoculations are summarized m Table S, -which shows the 
serological identity of these strains of the virus 

C The patient developed in her blood serum specific antibodies, which pro- 
tected imce against infection -with aU three strains of the virus The results of 
these protection tests are summarized m Table 9 If it is a reasonable assump- 
tion that the patient sufiered from an infection with only one stram of the virus 
of lymphocytic chonomenmgitis then the development of circulatmg antibodies 
to three -nrus stram certainly suggests their serological idenntj- 

Summary From the three methods of study described, it was evident that 
the virus stram E A (from the patient’s spmal flmd) and the virus stram B 
(from the grey mice at her home) were serologically identical with or at least 
veiy siTmlnr to the standard virus stram C 

TABLE 9* 


The dcedopmeni oj noase-pro'ecliec aniibodies in the scrur- oj paiiert E A against three 
strains of Ipnphocjtic choriomeningitis nrus 


g—Ti O’** SI. A DaAVN 
ON 

vrats DurrtoN in 
srsuM viirs imcrrii: 


E \ stnua c virc* 

B Stn-H 0 VTJTl* I 

; Cstnnac vra 

[ 

10-1 

0 

IT 

It 

11 - 30-40 ( 

lO-i 

0 

IT 

2t 

1 

10-’ 

0 

It 

St 

f 

10-> 

3 

3 

3 

2- 3-41 ( 

10 -^ 

3 

3 1 

1 S 

1 

10-* 

3 

! ^ j 

1 3 


* Dilutioiis of the TITUS (1 part) vere nused inth the serum (2 parts) and incubated for 
4 hours at 37~C Then 0 03 cc of each vims-serum mixture was inoculated intracerebrally 
into each of three white mice This method was d^cnbed by Armstrong and Dickens (47) 

t These mice all had symptoms of the disease but did not succumb to the iniection It 
was later found that during 4 hours of incubation at 37'C ^rus strains B and particularly 
C dimimshed m virulence 

6 The development of complement fixing antibodies Serological evidence that 
the patient E A had had lymphocytic chonomenmgitis was obtamed by the 
demonstration of the development of complement Qxmg antibodies m her serum 
Serum removed from the patient on December 19 gave a negative result but 
serum drawn December 2S was poative when tested for the presence of comple- 
ment fixmg antibodies The antigen used m these tests was a specific soluble 
antigen free of virus 

7 The deiclopment of mousc-pro‘cciiic antibodies Alouse protective ann- 
bodies against this nrus did not develop until one month later m the course of 
convalescence than the complement fixing antibodies 

Table 10 presents a study of mouse proteepon tests on three sera, removed 
from the patient on November 30, 1940, December 20 1940, and Februaiv- 3, 
1941 These results were previously summarized m Table 9 

>5 These sera were sent to Dr L T Webster, Rockefeller InsUtute for Medical Research, 
Xew A ork City , who tested the sera for the presence of comnlement fixinc antibodies. 
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Summary The de^ elopment of complement fbang and antniral antibodies 
m the patient s serum further \ ended the fact that she had sufiered and re- 
covered from a specific virus infection The temporal sequence of appearance 
of these tvo, appaientlj' distmct, circulating antibodies vas studied Comple- 
ment fixing antibodies to a specific soluble antigen appeared one month after 
the onset of the menmgitis, but anti-viral antibodies ivere not demonstrated 
imtil two months after the menmgitis 

The authors are deeply grateful to Dr Charles Armstrong of the Xational Institute of 
Health, U S Pubhc Health Service, for his criticism and suggestions on the section on 
epidemiology, to Dr H Houston Alemtt of the Department of Xeurology, Harvard 
Aledical School and the Boston City Hospital, for advice on the sections on chnical 
picture and differential diagnosis, and to Dr E E Tyzzer and Dr Henry Fuller of the 

TABLE 10 


Serum-iirus protection test The development of mouse-proteclue antibodies in the patient 
E A against the liras isolated from her own spinal fluid 


SEIA OP E A DSIAWN ON 

1 ^TEUS OrLtmON ES SESCM 
' \TErs inxrrEE 

DA\ or DEATH OP inCE* 

VC1IBE2 OP incE SUP^■n’I^C 

[ 

1 

i(r» 

6, 7, 7 

0 

11-30-40 

10-^ 

6, 6, 7 

0 

i 

10-5 

8,8,8 

0 

( 

10-5 1 

7, 7, 7 

0 

12-20-40 ^ 

10-5 

6, 8 

1 

[ 

10-5 


3 

f 

10-5 


3 

2- 3-41 ^ 

10-5 


3 

ll 

10-5 


3 


* The day of death of the mice is an index whether or not the} actually died of lympho- 
cytic chonomemngitis Mice d 3 nng from bactenal infections introduced into the brain 
usually succumb in 2 to 4 days after inoculation However, mice dying from the sixth to 
the tenth day with characteristic convulsions are assumed to have died of Ijunphocjtic 
chonomemngitis All cultures of injected virus materials were negative 

Department of Comparative Pathology, Harvard Medical School, for lending them traps 
and teaching them how to catch wild nuce ahve Credit is due Dr Loms Hempelmann, 
who, as medical house officer in charge of the patient studied most intensively, was re- 
sponsible for the onginal isolation of the vnrus 

The authors wish to express their appreciation to AIiss Anne Shwachman for technical 
assistance in the experimental work, to ACss Constance Hillman for t 5 TJing the man- 
uscnpt, and to Miss Rosamond Piotti for making the charts 

BIBLIOGRAPHY 

1 TYallgrex, a Une Xouvelle Alaladie Infectieuse du Systeme Xeneux Centrale 

Acta Pediat , 4 15S, 1925 

2 WvLLGEEx, A Eine Eigenartige Form von Epidemischer Memngitis (MemngitiE 

“aseptica” Acuta) Mien Arch f inn Med , 12 297,1926 

3 Maei-GBEv, a Contribution a la Casuistique des Alemngites Pseudotuberculeuses 

Acta med Scandinav , 65 722, 1927 




I^^TECnOXS "WITH TTSTTS OT LTilPEOCTTIC CHOEIOMEXlXGlxiS 


59 


4 Tins H B iXD Watts J W Aseptic (Lrniphocytic) Memnnus JAMA 

S3 1553, 1929 

5 Eoch, E M , AN-D Mon-edjisova V La Meningite Aigne Lvmphocytaire Benigne de 

Zsa’^are Indetenniiiee SimulanT la Memngite Tuberculeuse Bull et mem Soc 
med d hop de Pans, 54 402 1930 

6 GrATHim A Eber Akute “Asepnsche Memngins Jahro f Kindeih 12E 127 

1930 

7 Ecssmx A • Epidemiscne Memamns Serosa Ztschr t Kiaderh 50 564, 1930-31 
S Dicsmcs P F Aseptic (Lvinphocrtic) klemngitis E S Naval Med Bull , SO 

SS2 1932 

9 Gbca*, E Eber Benigae FieberUaite Lympnocytare Memn^ns Enbekantiter Anolo- 
gie Deutsches Arch f klin Aled 172 429, 1932 

10 BrotmoHA, W A Bemgn Lymphocvnc Alemnmtis M Ann District of Columbia, 

1- 203, 1933 

11 AsitsTBoXG C , AXD Ln-tiT, E D Expenmental Lymphocytic Chonomemngitis of 

Monkevs ana AEce Produced by a Virus Encountered in Studies oi the 1933 St Louis 
Encephahas Epidemic Pub Health Eep 49 1019 1934 

12 Scott TPM The Virus of Lymphocync Chonomemngins and the Eole it Plavs 

in Human Disease Thesis for MJD degree Cambndge Eniversity, England, i9SS 

13 Eetis B La Maladie d Armstrong — Chononieningite Lymphocytaire Ene Nou- 

veUe Entite Morbide"’ These de Pans J B BaiUiere et Eds Pans 1937 

14 Biacstax K D Lymphocytic Chonomeningius E4rus c: d Ridciisial Diseases, 

Harvard Emveraty Press, Cambndge 1940 Pp 6S4-700 

15 Emms T M Eiris-s end Et-is Distcscs Lane Medical Lectures Stanford Em- 

versity Press 1939 Pp 10-32 

16 Armstbong C E Studies on Chonomemngitis and Pohomvehas Harvey Lectures, 

1940-41 Pp 39-55 

17 Thacb E a Filtrafale Virus Recovered from White AGce Science 61* 4S9 1935 
IS Emms T M , axd Scott T F M Meningitis in Man Caused by a Filtrable Mrus 

Science SI* 439, 1935 

19 FixDiAr G AI , Sttast-Habbis, C H axu klAcCALitn: F O Lymphocync 

Chonomemngitis tnih Eepon of a Case J Rov Army M Corps 75 S, 1941 

20 Beo'vx j E Jb. a Case of Lymphocytic Chonomemngins tnth Isolanon of the 

Vims Omo State M J 37* 146 1941 

21 AEi.sT?oXG C axd WootXT J G Studies on the Orgin of a Netvly Discovered 

Vims wmch Causes Lymphocync Chonomemngins in Expenmental Animals 
Pub Health Rep 50 537, 1935 

22 TBAt3 E A Filterable Vims from White AEce J Immuno' 29 69 1935 

23 Scott T F M axd Ervims T Memnpns in Alan Caused b*- a Filterable Vims 

1 Txo Cases ana the Alethod oi Obtaining a Vims irom their Sp’nal Fimas J 
Exp Med 63 397 1935 

24 Babsbs, L F axdFobd F R. Cnromc Aracnnoioins Oohtemnng the Spinal Sub- 

a-aclmo,d Suace J A M A 109* 7S5 1957 

25 Hovvrd M E Lymphocync Chonomemngns A Discussion of its Di'-irnosis in 

Man J Im' Dis Si 65, 193^ 

23 LmcHBXGBE H AEtrEB A axd Ltex H Recurrent Lymphocytic Chonomen- 
ingirs Treatea -vith Suhonilaimde Isolation of Alms J A AI A 115 ^35 1910 
27 FixntAT G AI Atcocs N S axd Srrrnx R O The Vims Aetiology of One Form 
Oi L-mnhocytic Aleninptis Lancet 1 651 1936 
2S ALi^Aiiti- F O AXD FrxDi-Ar, G AI L-mphoerne Chonomemngitis Isolanon 
of the A ims irom the Nasopharynx Lancet 1 1370 1939 
Lxpixr P , OTD SArtTEP A’ Existence en France du Alms Alunn de la Cnono- 
Alemngi-e Lyranaocvtaire Compt rend Acad d sc 202 1624 1935 



60 


THOJIiS "n* FAEitBR AXD CHARLES A JAACEWAT 


30 KiSAJHAEA, S , Haaiaxo, II , AXD Yamada, R Chonomeningitis nrus Isolated in the 

Course of E^enmental Studies on Epidemic Encephahtis Kitasato Arch Efper 
Aled , 16 24, 1939 

31 Baikd, R D , AXD Ritehs, T AI Relation of Lymphoc 3 'tic Chonomemngitis to 

Acute Aseptic Alemngitis (Wallgren) Am J Pub Health, 28 47, 193S 

32 Lbpixe, P , AIollaset, P , axd Kbeis, B Receptivity de I’Homme au Aims Alunn 

de la Choriomymngite Ljunphocytaire, Reproduction Evp^nmentale de la Ald- 
mngite Ljunphocytaire BSmgne Compt rend Acad d sc , 204 1S46, 1937 

33 Lepixb, P , AXD Sadtteh, 1 Contamination de Laboratoire avec le Ihrus de la 

Chonomemngite LjTnphoc 3 daire Ann Inst Pasteur, 61 519, 1938 

34 Hoivaed, AI E Infection mth the lurus of Chonomemngitis in Alan YaleJ Biol 

& Aled , 13 161, 1940 

35 Tbadb, E The Epidemiolog 3 of L 3 Tnphoc 3 'tic Chonomemngitis in White Alice 

J Evp Aled , 64 183, 1936 

36 Aeaistboxg, C , AXD WooLET, J G Bemgn L 3 Tnphocytic Chonomemngitis, Labora- 

tory Studies with the Virus and their Possible Bearing on the Infection in Alan 
J A AI A , 109 410, 1937 

37 WooLET, J G , Aemstboxg, C , AXD OxsTOTT, R H The Occurrence in the Sera of 

Alan and Alonkeys of Protective Antibodies against the Alrus of L 3 Tnphoc 3 dic 
Chonomemngitis as Determined by the Serum lurus Protection Test m Ahce Pub 
Health Rep , 62 1105, 1937 

38 WooLET, J G , Stimpeet, F D , Kessee, J F , axd Asmsthoxg, C A Stud 3 of 

Human Sera Antibodies Capable of Neutrahzing the llrus of L 3 Tnphocytic Chono- 
memngitis Pub Health Rep , 64 938, 1939 

39 Aemsteoxg, C Studies on Chonomemngitis and Pohom 3 ehtis Bull New York 

Acad Aled , Second Senes, 17 295, 1941 

40 Yamabat, C a Stud 3 ’ of L 3 Tnphoc 3 ’tic Chonomemngitis Thesis, Harvard School 

of Pubhc Health, 1940 (unpubhshed) 

41 AlEMStboxg, C , AXD Hoexibbook, j W Chonomemngitis Alrus Infection Without 

Central ATervous System Alamfestations, Report of a Case Pub Health Rep , 
66 907, 1941 

42 Aemsteoxg, C Personal commumcation 

43 AIollaeet, P , L£pixe, P , axd Kbeis, B Les Modifications Leucoc 3 'taires dans la 

Chonomymngite Espenmentale Compt rend Soc de biol , 131 1003, 1939 

44 Yiets, H R , AXD Watts, J W Acute Aseptic Alemngitis J ATerv & Afent Dis , 

80 253,1934 

45 Skoglaxd, J E , AXD BtKER, A B An Unusual Form of Lymphocytic Chonomen- 

ingitis Arch Keurol & Psychiat , 42 507, 1939 

46 Rivebs, T AI , AXD Scott, T F AI Alemngitis in Alan Caused by a Filtrable Ifirus 

II Identification of the Etiological Agent J Exp Aled , 63 415, 1936 

47 Aemsteoxg, C , axd Dickexs, P F Bemgn Lymphocytic Chonomemngitis (Acute 

Aseptic Alemngitis) — A Yew Disease Entity Pub Health Rep , 60 831, 1935 
4S Tbatjb, E An Epidemic in a Alouse Colon 3 - Due to the Virus of Acute L 3 mphoc 3 dic 
Chonomemngitis J Exp Aled , 63 533, 1936 

49 L£pixe, P , Sautteb, V , axd Kreis, B Siege de la Virulence dans la Chonomy- 

mngite Lymphocytaire, Caracteres du Virus Compt rend Soc de biol , 124 422, 

1937 ’ ^ 

50 Gasals-Ahiet, J , axd Websteb, L T Charactenstics of a Strain of L 3 mphocytic 

Chonomemngitis Virus Encountered as a Contaminant in Tissue Cultures of Rabies 
Yirus J Exp Aled , 71 147, 1940 

51 Scott, T F AI , axd Eepoed, W J The Size of the Mrus of Lymphocytic Chon^ 

memngitis as Determined by Ultrafiltration and Ultracentnfugation Bnt J 
Exp Path , 20 182, 1939 



rSTECnOXB TTITH TISTJS OP LTMPHOCnXIC CHOBIOMESTSCmS 


61 


52 SiiABEX J E , Baied R D , a^cd IVaix M J A Soluble Antigen of Lrmphocytic 

Chonomeningitis I Separation of Soluble Anngen from Virus J Exp Vied , 
70 53, 1939 

53 WooixT, J G The Preservation of Lymphocytic Chonomeningias and St Louis 

Encephahns Viruses by Freezing and Drying in racuo Pub Health Rep , 64 
1077, 1939 

64 Besgstox I A ,AXDVrooixr, J G Culbvanon of the Virus of Lymphocytic Chono- 
memngitis in the Developing Chick Embryo Pub Health Rep , 61 29, 1936 

55 VlAcCAiini, F 0 axd Feoilat, G VI The Culnvanon of Lvmphocync Chono- 

memngms in Tissue Culture. Bnt J Exp Path , 21 110, 1940 

56 Laigbet j axd Dchaxd, R Virus Isolfe des Souns et Retrouve cnez I’Homme au 

cours de la Vaccination contre la Fievre Jaune Compt rend Acad d sc , 203. 
2S2, 1936 

57 Abaisteoxg C axd Svrsirr L E Lymphocytic Chonomeningitis Report of Tvo 

Cases, mth Recovery of the Virus from Grey VEce (.If us irusculus) Trapped in Two 
Infected Households Pub Health Rep , 64 673, 1939 
5S Abusteoxg G , Waiiace, J J , axd Ross L Lymphocytic Chonomeningins, 
Gray AEce, Vfus ilusculus, a Reservoir for the Infecnon Pub Health Rep , 65 
1Z2 1940 

59 Fahsiee, T W , AXD Jaxswat, C A Unpublished data 

60 TBAtm, E Persistence of Lymphocytic Chonomeningitis Virus m Immune ,\niTnals 

and its Relation to Immunity J Exper Vied , 64 S47, 1936 

61 Teaub, E , AXD ScHArra, W Serologische Untersuchungen uber die Enmumiat der 

Vlause gegen die Lymphozytische Chonomeningitis Zentralbl f Bakt , 144* 331, 

1939 

62 Teaub, E Factors Influencing the Persistence of Chonomeningitis Virus in the 

Blood of VEce after Cluneal Recovery J Exp Vied 68 229, 193S 

63 Teave E Epidemiology of Lymphocytic Cbonomemngitis m a VIouse Stock Ob- 

served for 4 Tears J Exp Vied , 69 SOI, 1939 

64 Haas V X Studies on the Xatural History of the Virus of Lymphocytic Chono- 

memngitis in VBce Pub Health Rep , 66 2S5, 1941 

65 Lvov, R A Penod of Antibody Development to Lymphocytic Cbonomemngitis m 

VEce Pub Health Rep , 55 217S, 1940 

66 Shacgxesst, H J , axd Zicsis, J Infection of Gumea Pigs by Appbeation of Virus 

of Lymphocytic Chonomemnsitis to their Xormal Skins J Exd Vied , 72 331, 

1940 

67 VIzxnozA VI A Repartition du Virus de la Chono-mSmngite Lymphocytaire et 

Virulence Comparee des DiSerents Oiganes ijans I’lnfection Experimental du 
Cobaye Compt rend Soc de biol , 125' 600, 1937 
K CoGGESHAii L T The Transmission of Lymphocytic Chonomeningitis by VIos- 
quitoes Science, S3 515, 1939 

69 PrxntAT G VI , asd Steex, R O Pathological Changes due to Infection with the 

Virus of Lymphocytic Chonomerunptis J Path Bact , 43. 327, 1936 

70 Aeiisteoxg, C Woomr, J G , axd Oxstott, R Distiibunon of Lymphocytic 

Chonomemngitis Virus in the Organs of Experimentally Inoculated VIonkevs 
Pub Health Ren , 51 295, 1935 

71 D.Aiii>oEF, G The Simultaneous Occurrence of the Viruses of Canine Distemper and 

Lymphocvtic Chonomeningitis A Correction of Camne Distemner in the Rhesus 
Vloniev J Exp Med , 70 19,1939 

72 Lepixe, P , Keeis, B , axd Saetteb, V Sennbiht4 de la Souns, du Cobaye, et du 

Rat au \ iras Paiisien de la Cbonomeningite Lymphocytaire Comnt rend. Soc 
de biol , 124 420, 1937 

<o VIacC A lims, F O jFixdlat, G VI , axd Scott, T F VI Pseudolymphocvtic Chono- 
menmgitis Brit J Exp Path , 20 260, 1939 



62 


THOilAS TV PAEMER AND CHARLES A JANEWAT 


/4 Eoch, jNI , Demole, J M , an'd jVLick, E S Une Type Nouveau Probablement 
Spgcifique de IMemngite Ljmphocytaire Benigne Deux Cas de “iMaladies des 
JeunesPorchers ” Bull etm^m Soc m6d d bop de Pans, 61 1271,1935 
/o Pexso, G Meningotyphus Eruptif, Sporadique, Bfimn a Caractere Professionel 
Eer d’b 3 g , 68 4S1, 1936 

76 DravxD, P , Gieoud, P , Lvbriv£, E , axt) Mestrvllet, A Etudes sur la Maladie 
des Porchers Premiere M&moire Arch Inst Pasteur de Turns, 26 213, 1937 
(7 Dubaxd, P , Giboud, P , LvBRmfi, E , Mesteallet, A , akr Boechet, L Etudes 
sur la blaladies des Porchers, 3me Memoire Arch Inst Pasteur de Turns, 27 7, 

1935 

78 Ledotts:, hi E La hlaladie des Porchers en Franche-ComtS, Inconstance de la 

hKmngite Bull Acad de hied , Pans, 120 417, 1938 

79 Duraxd, P , GrEOUD, P , Labrive, E , axd jMesteallet, A Transmission Exp5n- 

mentale k Phomme de la hlaladie des Porchers Compt rend Acad d sc , 203 
830, 1936 

80 Due VXD, P , Giboud, P , Labrive, E , axd hlESTBiLEET, A Etudes sur la Maladie 

des Porchers, 2me hlemoire La Maladie ExpOnmentale chez Phomme Arch 
Inst Pasteur de Tunis, 26 228, 1937 

81 Dueaxd, P , Giboud, P , Labbiv£, E , axd IVIestbvllet, A E6ceptivit4 des Ani- 

maux au Virus de la Maladie des Porchers Compt rend Acad d sc , 203 957, 

1936 

82 Duraxd, P l^irus Piltrant Pathogene pour Phomme et les Ammaux et a Affinity 

Mkmngke et Pulmonaire (PrOmiere MSmoire) Arch Inst Pasteur de Turns, 29 
179, 1940 

S3 Fraxcis, T , Jr , axd Magill, T P Umdentified Virus Producing Acute Meningitis 
and Pneumomtis in Expenmental Animals J Exp Med , 68 147, 1938 

84 EboiERS, J F , AXD Liu, P Y Personal eommumcation 

85 Camixopetbos, J , Coiiuixos, D , axd Dervou, T Etude ExpOnmentale d’un Mrus 

IsolO du laquide COphalorachi diene d’un Cas de MOmngo-encOphalite post-vaccinale 
Compt rend Acad d sc , 207 310, 1938 

86 Dalldorf, G Studies of the Spanng Effect of Lj-mphocj tic Chonomemngitis on 

Expenmental Poliomj'elitis J Immunol , 37 245, 1939 

87 Bbodie, hi Tests of llruses of Chonomemngitis and Encephalitis (St Louis) with 

Serum from Nonparalv tic Poliomv ehtis J Inf Dis , 61 139, 1937 

88 Nicolau, S La Para-immumtO (ROsistance non SpOcifique Acquise) dans les hlal- 

adies a Ultravurus R4v d’Imm , 4 263, 1938 

89 SviADEL, J E , VXD TTall, hi J A Soluble Antigen of Lj-mphocytic Chonomemngitis 

Dl Independence of Anti-soluble Substance Antibodies and Neutralizing Anti- 
bodies and the Role of Soluble Antigen and Inactiv e Virus in Immumtv to Infection 
J Exp hied , 72 3S9, 1940 

90 Howitt, B F The Complement Fixation Reaction in Expenmental Equine En- 

cephalomj elitis, Lj-mphocytic Chonomemngitis and St Loms TjTie of Encephalitis 
J Immunol , 33 235, 1937 

91 Lepixe, P , hloLLVRET, P , VXD SvuTTEB, V Application de la Donation du Comple- 

ment a P4tude de la hI4mngite Lymphocj’taire Ann Inst Pasteur, 61 S6S, 193S 

92 Lepixe, P , hloLLVBET, P , axd Svuttek, V DSvuation du Complement dans 1 in- 

fection par le Virus de la Chonomgmngite Ls-mphocj-taire Compt rend Soc de 


biol , 129 925, 1938 

93 SiivDEL, J E , Bvibd, R D , axd Wvel, hi J Complement Fixation in Chono- 

memnmtis Proc Soc Exper Biol & hied , 40 il, 1939 

94 SxtADEL,> E , WAim, hi J , axd Bvibd, R D A Soluble Antigen of L.vmphocytic 

Chonomemngitis II Charactenstics of the Antigen and its Lse in Precipitin 


Reactions J Exp Med , 71 43, 1940 , ^ rn^nnmpmn- 

93 SxiADEL, J E , AXD Rttebs, T hi A Soluble Antigen of L 3 Tnphocytic Chonomemn 



IN-TECTIOXS -WITH -VTEHS OF LTIIPHOCTTIC CHOPJOMEXIXGinS 


63 


eitis Third Intemationai Congress of ^Microbiologr, Report of Proceedings, p 
310 I&IO 

P5 Tsattb E Immunization of Guinea Pigs unth a ^lodmed Strain of Eymphocytic 
Chonomemngitis Virus J Exp lied , 66 317, 1937 
97 Thattb, E Immunization of Guinea Pigs Against Exmphoc v Uc Choriomeningitis 
with Formolized Tissue Vaccines J Exp lied , 6S 95, 193S 
9S Eiixm, R E Histopatnological Reaction to the 1 irus of Lymphocytic Chono- 
memngitis in the Chick Embryo Publ Health Rep 51 41, 1936 
99 Ltlite, R D Lvmphocvtic Chonomemngitis Histology m llonkeys Pub 
Health Rep , 51 303 1936 

100 VizTS, H Aio) Wabbex, S Acute Lymphocytic lleningiUs J A II A , 108 

357, 1937 

101 StLCOTT, W L , AXD XEtJBUBGEa, K Acute Lymphocytic Chonomemngitis Report 

of 3 Cases with Histopathologic Findings Am J M Sc 200 253, 1940 

102 AIachella, T E , 'Wetxbebgeb, L !M , axd Lippixcott, S W Ljmphocytic Chono- 

memngitis Fatal Case with Autopsy Findings Am J M Sc , 197 1617, 1939 

103 Tassecabi, G Sulla non Constante Bemngnata della Memngite Linfocitana Gior 

di clin med , 20 603, 1939 

104 CoLUS IV R F Acute Bemgn Lymphocytic Meningitis Bnt M J , 2 114S, 1935 

105 Meehitt, H H Diseases of the Brain and Xervous System* Differential Diagnosis 

and Treatment ^led Clin Xorth Amenca, 24 1477, 1940 

106 Daixdopf, G , AXD Douglass, M Simultaneous Distemper and Lymphocytic 

Chonomemngitis in Dog Spleen and the Sparing Effect on Pohomyehtis Proc 
Soc Esper Biol & Med , 39 294, 193S 

107 Meteb K F The Host-Parasite Relationship m the Heterogeneous Infection 

Chains Harvey Lectures, 1939-40 Pp 91-134 
103 Shaugex'esst H J , ajcd Milzeb, A Expenmental Infection of Dcrmacenlor an- 
dcrsoni, Stiles with the Virus of Lymphocytic Chonomemngitis Am J Pub 
Health, 29 1103, 1939 

109 Shaughxbsst, H J , aitd Zicms, J Infection of Guinea Pigs by Apphcation of Virus 

of Lymphocytic Chonomemngins to their Xorrnal Skins Proc Soc Exper Biol 
& Med , 42 755, 1939 

110 Mebbitt H H , AXD Fbemoat-Sahth, F The Cerebrospmal Flmd M B Saunders 

Co Philadelphia, 1937 

111 Toueaixe a The Cerebrospmal Fluid in Herpes, Its Importance in ^lemngitis due 

to Herpes Ann de dermat <t syph , 6 239, 1935 

112 Biggibt, j H , AXD Fisher, J A Memngo-encephahtis Compbcatmg Herpes 

Zoster Lancet 2 944 1933 

113 FoTHEEGiii, L D A Tentative Classification of Virus Diseases of tbe Central 

Xervous System, with a Consideration of Certain Epidemic Types of Encephahtis, 
T :rus and RtdtUcial Diseases, Harvard Umversity Press, 1940 Pp 617-641 
III Fothepgill, L D Eqmne Encephalo^yehtis Ftus and RicJeitsial Diseases, 
Harvard Umversirv Press 1940 Pp 661-6S3 

115 Yassec j C Xeurologic Complications of Infections of Temporal Bone and Para- 

nasal Sinuses Arch Otolaiyng , SO 157, 360, 1933 

116 PuECH P akd Kbebs, E MSningites sereuses et Arachnoiditis Enc4phaliques 

Tramnanques J de Chir , 60 749, 1937 

111 Gsell, O Meningitis Serosa bei Pfeifferschen Drusenfieber Deutsche Med 
Vchnschr , 63 1750 1037 

IIS Pietzoxka H Memngitis Serosa bei Pfeifferschen Drusenfieber Deutsch Arch f 
Hin Med, 185 153,1939 

119 Bernstein, A Infectious Mononucleosis Medicme, 19 So, 1940 

120 Rosenthvl, S M , WooLET, J G , otD Baueb, H Studies on Chemotherapy IT 

The Chemotherany of Chonomemngitis Vinis Infection m Mice with Sulphonamide 
Comnoonds Pub Health Rep , 52 1211, 1937 




TOXSILLECTO:MYi AXD POLIO:\rYELITIB 

I EPIDEMIOLOGIC COXSTDERATIOXS 
W LLOYD AY'COCK 

From the Deparimeni of Prcecniire ifcAcine and Epidemiology, Harvard Lniecrsiiy- 

Poliomyelitis is an example of mciespread infection but bnuted disease 
Evidence of the general dissemination of the virus is seen clmically m the un- 
broken gradation from frank paralytic cases, through milder and non-paral 5 iic 
to suspected abortive forms of the disease Epidemiologically, the vade dis- 
persion of recognized cases and such features of the disease as its age distribution 
have long suggested that there are intervenmg milder forms of the infection or 
healthy earners Extensive development of virus neutralmng antibodies m 
those vnth no history of an attack attests mdespread distnbution of the virus 
And, finally corroborabon of this mdnect evidence is found m actual deteebon 
of the virus 

Pormerly, the disease was diagnosed only upon the appearance of its more 
obvious mamfestabon, paralysis Alilder degrees of this compheabon are now 
detected, and the diagnosis of non-paralyfac forms of the disease, with memngeal 
mvolvement and mcrease m cells m the spmal flmd, has now reached proporbons 
equal to the frank cluneal disease and an unknown proporbon of febrile episodes 
occurring m close proximity m bme and space to clmically recognizable cases 
mdicates perhaps an even more wide-spread occurrence of aborbve cases 

From the epidemiologic standpomt, the geographic prevalence (1) and the 
age distnbubon of pohomyehbs both bespeak widespread dissemmabon of the 
virus Perhaps largely because of the impressiveness of a few of the larger out- 
breaks which became the matter of extensive study — such as those of Vermont 
1S9-1, Sweden 1905, Alassachusetts 1907-190S, New York 1916 — and the ob- 
scurity, m the earher years of study, of the relabvely small endemic occurrence 
of the disease m general, pohomyehbs was thought m even comparabvely recent 
times to be regional But the data which have accumulated concernmg the 
geographic distnbubon of the disease go far towards removmg pohomyehbs from 
that category of diseases which are due to extraneous local or regional circum- 
stances and tend to give it a place among those diseases which find facihbes for 
transmission in the ordinary associabons of man with his fellows — a group of 
diseases which m general, doubtless because man is rarely out of commumcation 
with his fellows, tend toward umversahty, even though they may be manifest 
m cluneal form m but few of the many exposed to the virus 

* In tins paper, unless othervase specified, “TonsiUectomy” refers to the removal of 
either tonsils or adenoids, or both 

- This Etudv was supported by the Harvard Infantile Paralysis Commission and by a 
grant from the Commonwealth Pund 
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The age distnbution of pohomyehte (2, 3, 4) conforms to that of vrell-iugh 
universal diseases occurrmg for the most part earty m life, and relatively earlier 
m denser than m more sparsely populated areas It is thus placed m the group 
of childhood diseases which m reality are such only m that the chances of infec- 
tion come earlier m life, imm umty resultmg from infection accountmg largely 
for the dimmution of the disease as older ages are reached 

The neutralization test for immumty has clearly established the fact that 
antibodies are the result of infection with the vims These tesfc:, performed in 
numerous locahties, on adults, on mdimduals at different ages, m urban and 
rural populations, and m mothers and the newborn, all afford evidence of 
population immunity’' correspondmg closely to that m other common infecbous 
diseases of childhood (5, 6, 7) 

Finally, the finding of the virus (8, 9, 10), not only m frank cases of the disease 
but m abortive cases and healthy persons as well, lately greatly enhanced by 
the procedure for its detection m feces (11), is now rapidly corroborating by 
actual test the concept of widespread dissemination which hitherto had been 
based more largely on circumstantial epidemiologic evidence 

Due to the distressmg nature of this paralytic disease of childhood, the un- 
certamty as to where it will stnke, and its unexpected epidenuc tendencies, 
pohomyehtis has been studied far more exhaustively than many other common 
infectious diseases to which we have become more accustomed But m spite 
of the vanety of findin gs which have been accumulated, there is confusion when 
an attempt is made to formulate a generally acceptable concept of its behanor 
This IS due m considerable part to the retention, along with significant findmgs, 
of more or less tenuous and irrelevant observations The inabihty to discrim- 
inate between the significant and the insignificant obsen'ations has to some 
extent been the result of the absence of any one convmcmg basic demonstration 
which would set the trend m thought and mvestigation along more harmomous 
hnes The sparse distribution of the disease and the limitations m experimental 
techmque have often restncted obseivations to senes too small for analysis as 
to frequency and rehabihty, making more difficult the acceptance or rejection 
of mdividual mvestigations The result has been a habit of generalizmg from 
smgle observations, seemmgl 3 ' m the direction of some hypiothesis which matches 
the occurrence of the chmcal disease m oddity, or which holds some tangible 
hope of prevention. 

"With these considerations m mmd, it is possible to distmguish a number of 
epidemiologic features of the disease, not so much because of their numencal 
frequency, but because of theu consistency one with another, which come toge- 
ther mto a more satisfactory concept of the disease than can be obtamed through 
any attempt to evaluate smgle observations each on its own account Studies 
of the distribution of the paraljiic disease, m the hght of the concept of much 
more widespread dissemination of the virus, afford mdications that the occur- 
rence of the frank disease among those exposed to the nrus is not only greatlj 
hmited but exhibits selectinties v hich mdicate that some added circumstance 
enters mto the determmation of whether chmcal or subclmical disease res ts 
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upon exposure to tlie virus Certain of these selectivities indicate that this 
added circuinstance resides not so much in parasitic factors or in environmental 
conditions affectmg exposure, but m factors of autarcesis^ m the host 

A tendency to famihal occurrence (12 13) mdicates that susceptibihty may 
be inherent, seasonal and climatic variations (1) m the frequency mth which 
exposure to the virus results m the paralytic disease pomt to a physiologic func- 
tion rather than to a fixed anatomic character, the association of the paralytic 
disease with persons of a certam constatubonal type (14, 15, 16 17 18) is sug- 
gKtive of endocrmologic differences; the suspected association of pohomyehtis 
with pregnancy (13 19), m view of known mucous membrane alterations due to 
estrogemc changes, suggests that autarceologic susceptibihty may reside m part 
m the economy of estrogemc substance and, finally, the occurrence of bulbar 
pohomyehtis foUowmg tonsillectomy comprises a demonstration that the 
nasopharyngeal mucosa may be the locus of the added circumstance which 
determines the outcome of exposure to the vmis 

The present paper is a review and analysis of data available m relation to 
pohomyehtis followmg tonsillectomy, a selectivity which is important as mdi- 
cative of the modus operandi of autarcesis — an understandmg of which might 
offer hope of bnngmg under control the one senous consequence of infection with 
this virus — and which already provides a means of preventmg numbers of cas^ 
of a distressmg and highly fatal form of the disease 

H BCLBAE POLIOMTELITlS FOLLOWING RECENT TONSILLECTOirr 
Early dbsenaiions 

For many years cases of pohomyehtis followmg recent tonsil and adenoid 
operations have occasionally been recorded among a large number of other 
precedmg circumstances which at various times have been proposed as possible 
deter minan ts m the occurrence of the disease For example, Sheppard (20), 
who made an epidemiologic studv of 200 cases of pohomvehtis m SnrmgSeld, 
iSIass , m 1910 stated, ‘Aly mterest was aroused along this fine on account of 
one or two cases that presented a climcal picture of an acute infection mvolvmg 
the upper respiratory passage with some gastro-mteshnal disturbances, m which 
paralysis seems to have been precipitated by tonsillectomy Smce the exact 
function of the tonsil is still a matter of sjieculation, I have sought to collect 
some data as to the possible significance of its presence or absence m cases of 
acute epidemic pohomyehtis ’ He mentioned the examination of 11,858 
children in SprmgSeld m the spnng of 1910 of whom 3 538 were found to have 
enlarged tonsils and 1 6-35 adenoid growths Over 700 were operated on at 
different hospitals during 1910 and a large additional number by phvsicians 
m pnvate practice Among this number there were two cases to which Sheppard 
called attention because of the time relationship between tonsillectomy and the 
onset of pohomyehtis 

’ Aatarceas is reastance in the host, independent of immunitv from exDosnre to the 
virus (1) 
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Case 1 Five years old ilale Acute febnle onset July 13, 1910 On the morning of 
July 14 was operated on for tonsils and adenoids, which, though shghtl}’ inflamed, were 
comparatively normal The following night, July 16, para^sis of both legs was noticed 
On July 4 the child had an attack of ^ onuting after eating ice cream, which cleared up 
entirely before the febnle onset of July 13, dunng and following the febnle attack there 
was diarrhea, lasting until the 19th of July The question in this case is whether or not the 
inflammatory reaction of the tonsils was nature’s effort to throw off the infection, and 
whether by depnving the child of his tonsils possibl 5 the paralysis was precipitated 

This first case was one m which tonsfilectomy was endently peiformed after 
the begininng of symptoms, but befoie paralysis of the spmal type ensued It 
IS mcluded here simply to show Sheppard’s process of thought leading to the 
opinion that the operation might be a factor m deter minin g paralysis 

Case 2 Age siv Amencan On September 13, 1910, this child was operated on for 
tonsils and adenoids, and had a sore throat up to the date of his febnle onset, September 25, 
which was accompamed by aphoma and dysphagia Paralysis of the neck muscles appeared 
on October 1 The child was evposed directly to another case of acute epidemic pobomye- 
litis before and after toDSiUectomy and adenoidectomy were performed The question in 
this case is whether or not the infection with pobomyehtis virus was acqmred after the 
operation on the tonsils and adenoids on September 13, and it cannot well be answered 

Case 2 IS a typical e'^ample of bulbar pohomyehtis following toDsifiectomy 
withm the specific mterval correspondmg to the mcubation period of the disease, 
the subject of this paper 

Boyd (21), m his study of an epidemic m the southern Connecticut valley in 
1912, grouped cases under various headings “mterestmg from an etiological 
pomt of mew,” such as association with human cases, with sick animals, following 
insect bites, wounds, etc He recorded m a last group of “cases of mterest for 
other reasons” precedmg cucumstances as varied as a man who was a bottle 
washer and was “exposed to contmual dampness” , the child of a teamster m whose 
stable pmk-eye was occurnng m horses, a man found to be covered with pedicuh 
who “may have received the infection from the bites of these parasites”, a child 
who had been m poor health smce it was born and had very httle resistance, a 
child with a history of bemg on a tram across the aisle from “a child vho was 
constantly vomitmg (a possible pohomyehtis case)”, a woman inth a historj^ of 
bemg bitten on the left cheek by some insect several daj^ before onset Among 
the cases m Boyd’s last group is one of mterest m the present connection 

CaseS A tv , female, 7 years Amencan Onset Julj 15, 1912, abortive case Father 
an artist Other children 9 and 7 j ears old This was a very interesting case from the fact 
that it was next door to where there were two fatal cases If there was any contact between 
these it was verj" indirect The patient had her tonsils removed some ten days before bj a 
speciabst whose son was afflicted with the disease on Julj 9 This child was verj ill an 
had the typical symptoms of pobomyehtis without the parafi'sis 

Case 3 is illustrative of a pomt of mew which has been encountered m later 
years, that infection with the vu-us of pohomj-ehtis was conveyed to the patient 
by the surgeon performmg the operation 

It should be recaUed that, at the time the foregomg obserx ations vere made, 
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modern knowledge of the disease was in its infancy Experimental study was 
just beginmng, made possible bj* the tiansmission of pohomyehtis to monkeys 
only a few months before In spite of the earher, and now classic epidemiologic 
studies of Caverty and Wickman, pohomj’ehtis was stdl generally looked upon 
as a complete mystery and epidermcs as a strange visitation Because of the 
absence of the kmd of evidence usuall3' sought m infectious disease — ^its occur- 
rence m those associated m some way with the sick — anj’ hjiiothesis was con- 
sidered, especially if it had an evtraordmary nng Certainly, there was httle 
room at that time for a commonplace explanation 

As is frequentlj' true of diseases of the locomotor S3rstem, stresses, strains, 
mjunes and falls, exposure to heat or cold or dampness, over-exertion, swim m ing 
and wadmg were most m favor as contnbutmg causes All such occurrences 
were noted from the most trivial (as shppmg on a rug) to the most severe acci- 
dents, and those rangmg in time from the moment of detection of the lUness to 
as far back as the memory extended Attenfaon was focused most sharplj’' 
upon circumstances immediately precedmg the lUness, and mdeed many of these 
falls noted were the result of the already present but unrecogmzed disease, 
rather than precedmg circumstances 

It IS not surprismg then, that surgical mjurj’- of the nasopharyngeal mucous 
membrane, but one of the many precedmg circumstances which were bemg con- 
sidered as of possible etiologic mterest, did not become at this tune the subject 
of more exhaustive study Nevertheless, Sheppard seemingly mtmtively 
smgled out tonsillectomy from the heterogeneous group of wounds, falls, m- 
juries, exposures, over-exertion, etc , when he wrote 

It might be reasonable to suggest at this time that tonsil and adenoid tissue (tonsillar 
nng of Waldej er) mav o5er a resistance to imcrobic invasion If this is the case, it might 
seem on a pnon grounds injudicious to remove an inflamed tonsil, especially in the presence 
of an acute epidemic infection characterized in many instances by involvement of the upper 
respiratory passage In Spnngfield, before and after the acute epidemic of pohomyehtis, 
it IS of interest to note that many operations on tonsils and adenoids were performed 

Determination of the znciibaiwn 'period 

The recogmtion of the obvious manifestations of disease — ^the appearance of 
its clmical sjTnptoras and its ph5-sical signs — is the event which usually must be 
considered as markmg the beginning of disease But of more importance m 
establishing soiuces of infection is a knowledge of the duration of that asympto- 
matic period of infection which precedes chmcal manifestations — ^the mcubation 
penod For practical purposes, the mcubation penod may be defined as the 
tune elapsmg between infection and some recogmzable sign or symptom of the 
disease which unifonnl3' appears In manj- transmissible infections, it has been 
fairly accurately determmed by repeated observation of a defimte mterval 
elapsmg between exposure to known sources of infection and the onset of disease 
If the mcubation penod of pohomj’ehtis had been known, the vanous events 
precedmg the onset of the disease, uhich at one tune or another have been sus- 
pected, could at least har e been sifted down to those which, from the pomt of 
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neTT of tune alone, could logically have been considered as possible determinant 
factors 

In tbe experimental disease, tbe mcubation period is now well known In 
our experience, monkeys moculated at various tunes with a number of strains 
of virus aU developed tbe disease m 4 to 15 days, tbe greatest number m 5, 6 and 
7 days But where the mus is modified, as for example by mixture with con- 
valescent serum m tbe performance of tbe neutrabzation test, monke 3 ^ may 
develop the disease after longer mcubation periods, although as a rule such 
mixtures do not produce the disease at all Such prolonged mcubation periods 



ChAET 1 IXCtTBATIOX PeKIOD OF ExPEBIMEXTAL PoLIOiTVELITIS FOLLOWIXG IXTBACEHE- 
BEAl IXOCVLATIOX WITH UNMODIFIED VlKVS AND MeSIXTBES OF ViEtJS AND 
COXTAIESCEVT SeHUM 

Reprinted from J Prev Med , 3 103, 1929 By W L Aycock and E H Luther 

have been mterpreted as “partial neutralization” (Chart 1) (22) In canymg 
out a large number of neutralization tests m vanous wa 3 's, jMuckenfuss and 
Schaeffer (23) obsened mcubation penods correspondmg to that which follows 
moculation of unmodified virus when nuxtures of normal serum and nrus were 
moculated mto monkej’s, while foUowmg moculation of convalescent serum and 
virus, monkeys developed the disease after distmctlj’’ prolonged mcubation 

periods (Chart 2) , . 

Bodian and Howe (24) attempted to estunate the migration velocity oi tne 
virus in the sciatic nerve of the rhesus monkej' The method used was mocula- 
tion at a smgle pomt m the nen e and subsequent cuttmg at a higher lei el, a 
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vanous intervals in different animals m order to determine tow soon after m- 
oculation the nerve must be cut to prevent the virus from passmg the pomt of 
section and thus mfectmg the spmal cord They Ktimated the latent period 
to be about 11 hours, and the rate of progression to be approximately 2 4 mm 
per hour 

If the virus reaches the nervous system along the peripheral nerve vnth fixed 
rmscration velocity it might be expected that the mcubation period m m a n 
would be longer than m the experimental animal, merely because of the longer 
anatomical 'distance ’ m the larger human organism However, m the experi- 
mental disease no clear-cut differences m the incubation period have been 
established with different routes of moculation — ^mtracerebral, mtranasal, mtra- 



ChAET 2 IXCTBATIOX PeSIOD OF EspEKIJIEXXil PoUOirTELITlS iw Axullls Ixocttlated 

WITH MiXTCKES of Vravs AXD XoBilAi Sekcm, axd Yibvs axd Coxtalescext 

SERmi 

Eepnnted from Experimental Poliomyelitis Xatl Fdn for Infantile Paralysis, 1940 
By M SchaeSer and R S Muckenfuss 

cutaneous, mtrapentoneal, etc Xor does it follow that the mcubation period 
m the experimental disease would necessarily comcide or not comcide with that 
of the human disease 

In pohomyehtis m man, the majority of cases developed foUowmg no known 
exposure to a source of infection Inferences were drawn for the most part from 
the mterval between cases m the exceptional instances where there was a history 
of expiosure to the infection Establishment of the tune relationship between 
associated cases would, it was felt, settle the mcubation period but a smtable 
situation was not easy to find ^Multiple family cases seemed to offer the nearest 
approach to an epidemiologically related group Aycock and Eaton (25) there- 
fore re-studied the tune mterval m 576 multiple cases m 253 fanuhes Abortive 
cases were excluded from tabulation, smce diagnosis is influenced markedly by 






72 


TV LLOTD ATCOCK 


proximity to frank cases, their inclusion ginng an erroneous impression of the 
interval betveen multiple cases 

A large proportion (80 per cent) of secondary paralyzed cases were found to 
occur in the period between the same day as that of the primary case to 8 dajis 
foUowmg, and the smaller proportion (16 per cent) followed the primary case 
by 10 to 18 days, averagmg 14 days The first group, it is beheved, constitutes 
common source infections, while those occurrmg after the longer mterval are the 
true secondary cases The range of 8 days corresponds to the variation in the 
mcubation penod m the experimental disease 
A number of other situations, m v hich the probable source and time of infec- 
tion as weU as the mtenml elapsmg between exposure and onset can be fixed 
withm more or less defimte hmits, confirm these conclusions hfilk-borne out- 
breaks, m which a relatively large number of mdividuals are infected simultane- 
ously, lend themselves to such studies 

Wickman (26) mentions an outbreak of pohomyehtis m Sweden mvolnng 10 
cases m 6 famdies The mterval between the primary case on a milk farm and 
5 secondary cases, all of whom drank the milk, was 14 days 

Dmgman (27) reported 8 cases m and about Sprmg Valley, New York, m 
1916 The mitial case v as on a dairy farm The 7 secondary cases, persons 
who consumed raw milk from the farm, became dl 14 to 18 days later However, 
from the limited penod durmg which all the cases were m Sprmg Valley and 
were consuming the milk m question, the mcubation can be set as not under 6 
nor over 14 days 

The imtial case m a milk-borne outbreak of pohomyehtis m Cortland, New 
York, m 1925, occurred m a milker on a small dairy farm (28) Subsequently, 

8 persons who were supphed milk from this farm developed the disease, 6 cases 
after an mterval of 7 to 12 days, and 2 cases after an mtenml of 18 days 
An epidemic of pohomyehtis which occurred in Broadstairs, England, in 1926, 
mvolvmg 62 cases, was mvestigated by Aycock (29) Practically all those 
stncken n ere known to be supphed mdk from the same dealer The outbreak 
started and subsided suddenly, all of the cases bemg reported withm 25 days 
However, the time when all the patients n ere m Broadstairs and v ere consuming 
the Tnilk narrov s down the penod of infection, and it may be inferred that the 
mcubation penod m the majonty of the cases was 6 to 14 days 

Vanous other groups of cases studied with a new to setting the mcubation 
penod of pohomyehtis (22) have shown it to fall mthm defimte hmits In 
small, isolated rural areas, cases have been found to occur simultaneously, or 
separated from one another by an mterval of approximately 14 days, even 
though actual contact could not be traced The same holds true when there is 
a history of a smgle bnef contact with a precedmg case For example, m 10 
cases developmg m 3 related famihes (30), the penod between exposure and onset 
was 14 da 5 '’S m each case Withm each family, all those attacked became ill on 

the same day _ « - 

The mcubation penod was not less than 7, nor more than li dajs m o cases 
where contact could be traced In multiple family cases, v here the second case 
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developed after separation from the first, the mtervals fell between 8 and 16 
days In I^Iassachusetts m 1928, where there was history of direct contact with 
the precedmg case, and the exposure was as brief as a smgle day, the mcubation 
period was not less than 6, nor more than 20 days "When the mterval between 
last exposure and onset was less than 6 days, the duration of exposure was such 
that the mcubation period could have been more than 6 days 

Analogous to the situation m which cases occur foUowmg known and Imuted 
exposure was the development of 12 cases of paralytic pohomyehtis followmg 
mjections of pohomyehtis vaccmes (31) These mdividuals all became ill 6 to 
14 days followmg one or the other vaccme mjection 
Thus, a large number of observations of difierent sorts where the pomt can be 
established, m both the human and the experimental disease, mdicate clearly 
that the mcubation period of pohomyehtis m man is represented by a specific 
mterval of from 7 to 14 days, and is prolonged only m a smaller proportion 
of cases 

The search for the source of infection, therefore, should be centered at about 
the fourteenth day before the onset of acute symptoms With this clearer 
concept of the mcubation penod, it becomes possible to distmguish more def- 
imtely from among precedmg events those circumstances which can be consid- 
ered as of possible etiologic importance in the occurrence of the disease 

Recent obsenalions 

Ayer (32) noted, among observations which seemed to him “impressive as of 
possible import m the epidemiology of pohomyehtis the occurrence of 9 cases 
of the bulbar form of the disease 5 to 10 days after tonsillectomy ” He has ako 
observed 6 additional cases which he has not reported (33) 

The first extended study of pohomyehtis followmg tonsdlectomy m the hght 
of more precise knowledge of the mcubation period was made by Aycock and 
Luther (34) Their data comprised 714 cases of pohomyehtis reported m 
^Massachusetts and Vermont m 1927 and 192S m which there was information 
concermng tonsillectomy They found 36 cases which had had tonsils removed 
withm 1 year of the onset of the disease Study of the mterval m months be- 
tween operation and attack m this group revealed that of the 36 cases 16 (9 
bulbar) occurred withm 1 month after the operation, and all of these fell mto an 
mterval of from 7 to IS days (Chart 3), correspondmg to the mcubation period 
of the disease, as mdicated by multiple family cases, certam contact cases and 
milk-bome outbreaks, as well as the experimental disease m the monkey 

Five cases of pohomyehtis four of which were bulbar, occurnng 9 to 19 days 
following tonsillectomy, were reported by Silverman (35) m his study of poho- 
myehtis m Syracuse, Hew York 

With the foregomg observations m nund, Eley and Flake (36) studied the 
records of 418 consecutive patients with acute pohomyehtis admitted to the 
Infants and Children’s Hospitals of Boston There were m this group 2S7 
spinal cases, 7 (2 7S per cent) of whom had had a tonsiUectomy withm 30 days 
Of the 131 bulbar cases, 17 (12 QS per cent) had had tonsils and adenoids excised 
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Tvithin 30 days prior to iHness , and all of these cases fell between 7 and 20 days, 
m marked contrast to only 3 spmal cases occurrmg Tvithin this penod The 
interval between operation and onset of both forms of the disease is mdicated 
on Chart 4 


POLIOMYELITIS FOLLOWING TONSILLECTOMY 



One Month 

Reprinted from New England J Med , 200 164, 1929 By W L Aycock and E H Luther 
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Chabt 4 BuIiBab ANT3 Spinal Poiaohyeutis Following ToNsiLLEcroirr 
Eepnnted from J Pediat , 13 63, 1938 By R C Eley and C G Flake 

An analysis of 686 cases of pohomyehtis m patients who were admitted to the 
Wdlard Parker Hospital durmg 1935 was made by StiUerman and Fischer (37) 
to deternune whether the removal of tonsils m any way influenced the onset or 
chmcal tjiie of the disease Tonsillectomy had been performed m 10 patients 
durmg the month antedatmg their illness In 8 of these, pohomyehtis began 
after an mterval of 10 to 12 days, and m the other two, 16 and 22 days, respec- 
tively, after the operation Slv of the 10 patients had the bulbar or encephalitic 
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form of the disease In view of this high incidence, inquiry \ras made of the 52 
patients with pohomyehtis that were admitted to the hospital during the year 
1937 Three patients had been tonsiUectomized withm the month precedmg 
their lUness the disease developed m two m 14 days, and m the third m 21 days 
All three had the bulbar type 

The proportion of recently tonsiUectomized patients who developed the bulbar 
or the encephahtic type of pohomyehtis was thus much greater than the incidence 
of bulbar and encephahtic forms m the complete senes m the 1935 senes, 6S 
of 6S6 cases, 10 per cent, were bulbar m the 1937 senes, 15 of 52 patients, 2S S 
per cent, had bulbar symptoms, while m all 3 patients who had their tons i ls 
removed recently the bulbar type developied 

Fischer, Stillerman and Clarks (3S) contmued their studies on the relationship 
between tonsiUectomy and pohomyehtis during the 1937 epidermc m Toronto 
Of the 507 cases mcluded m theu data, 231 had had tonsiUectomy at some tune 
pnor to the onset of the disease, the tonsils of 267 were present, and for 9 there 
was no information. 

Twelve cases of pohomyehtis developed withm a month of operation, 7 of 
which were the bulbar form ^iloreover acute pohomyehtis developed more 
often m those recently tonsiUectomized than m others the mcreased mcidence 
bemg due entirely to the excess of bulbar cases In August, the rate for the 
total number of cases of pohomyehtis m the recently tonsiUectomized group was 
nearly twice that of the other children and m September about four times as 
high The expected mcidence of pohomyehtis both of all forms and of the 
bulbar form was computed for the recently tonsiUectomized children who hved 
m Toronto The expectancy for aU cases on the basis of actual mcidence m 
other groups of children, was 4.5 and the occurrence was S As for bulbar 
pohomyehtis the computed figure was 0 3 case as compared with 4 cas^ actu- 
aUy occumng Consequently, the high mcidence of pohomyehtis m the recently 
tonsiUectomized group is accounted for by the excess of cases of the bulbar form 
of the disease 

The Department of Health of the Provmce of Ontario (39) reported m the 
1937 outbreak 9 cases m which tonsiUectomy had been performed withm one 
month prior to onset Six of these cases developed paralysis 4 bemg of the 
bulbar type The mterval from operation to onset in 4 cases was 7 days, and 
m the other 5 cases was 10, 14 21 24 and 26 days 

Top and Taughan (40) m their study of the Detroit epidemic of 1939 give 
certain facts concernmg tonsiUectomy and pohomyehtis but them data do not 
permit of tabulation m the pr^ent senes because information is not given as to 
the type of the disease or the mterval between operation and onset There was 
a history of tonsiUectomy m 215, or 41 3 per cent of the 521 cases reported while 
20 of the 23 fatal cases were patients with a history of tonsiUectomy Because 
of the higher fatahty m bulbar pohomyehtis it is hkely that the fatal cases, al- 
most aU of which were m tonsiUectomized mdividuals contamed a higher 
proportion of bulbar pohomyehtis than did the non-fatal cases 

From the nature of the case — the relative uncommonness of pohomyehtis 
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and the numerical infrequency of bulbar cases following tonsdlectomy — ^the 
figures obtained m any one outbreak or by any one obsenmr are bkely to be too 
small to be generally convmcmg AU of the cases of pobomyebtis following 
recent tonsillectomy which have been reported in the hterature and which have 
otherwise come to our knowledge are summarized m Table 1 In some of the 
senes no mention is made of cases occumng more than 30 days after the opera- 
tion, the longer penod presumably not bemg studied 

TABLE 1 


Poliomyelitis following recent tonsillectomy according to clinical type of disease 
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Silverman 1931 (35) 
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Anderson 1938 (43) 

15 
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Eley and Flake 1938* (36) 
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Pamment 1938 (44) 

1 




2 






3 

Kramer and Gilham 1938 (45) 
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Koskoff 1939* (42) 
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Fischer, Stillerman and Marks 1941 
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Helms 1941 (48) 
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Knll and Toomey 1941 (47) 

15 

5 

5 

5 

3 

5 


4 

11 
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Vt 1912-31, Mass 1927-31 

14 

2 


2 

2 


1 

1 

3 


25 

Personal Commumcations 

99 

22 

7 

22 

20 

8 

1 


30 

1 

215 



* Adenoidectomy only on 1 case Type B — ^Bulbar B-S — ^Bulbo-spinal Unkn 
T 3 T)e unknown S — Spinal XP — ^Xon-paralytic 


The cases represented m table 1 for which the necessaiy data were available 
are plotted on chart 5, accordmg to the type of case and the mten al m days 
between tonsillectomy and onset It may be seen that m the cases following the 
operation withm 30 days, the bulbar type predominates, while m those occumng 
between 30 and 60 days later, spinal cases are more frequent 

The four mam categones of cases shown m chart 5 — those with bulbar mvolve- 
ment withm 30 days and m 30-60 days, and those with spmal mvoh ement within 
30 da}'S and m 30-60 days — ^may not be comparable m all respects Some of 
the senes m this tabulation do not mclude cases m the 30-60 day penod, and 
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some refer to bulbar pobomyebtis only Xeitber can. mrerpretations be made 
as TO frequencies for the reason that the actual total numbers of cases ■which, 
furnished these Sgures are not kno'wn Xerertheless, the cases are comparable 
in general, m so far as the rela'tive numbers of the diSerent types are concerned, 
and are strictly comparable in repect to 'the mterval in days between 'the opera- 
tion and the onset of the disease for the difi'erent types 

FOUOMYEUTIS FOLLOWING TONSILLECTOMY 




Chaet 5 Poiroirmins FoiiO'wrsG Recett ToN*HiixEcioirr AccosDrsG to LcmEVAi. 
IK DiTS AKD CltKlCii TtPE OF DISEASE 
(A. = adenoidecioaiy only) 


It may be seen that the less common bulbar pohomyehns predominates over 
the spinal form about 5 to 1 in the cases occurnng 'withm 30 days foDoivms 
tonsillectomy, while m the 30-60 day penod spinal cases are in the ascendancy 
m nearly the same proportion as they exceed bulbar pohomyehtis m general - 
Furthermore, the concentration of bulbar cases foUo'wmg tonsillectomy m the 
30 day group at a specific mterval of 7 to 21 days (correspondmg to the mcuba- 
tion period of the disease), as compared with the random distribution of bulbar 
cases m the 30-60 day group and of spinal cases throughout the whole penod 
constitutes a strong mdication that the bulbar cases -withm 30 days are for the 
most part specifically related to the operative procedure A s m-ill proportion 
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of the bulbar cases occurring intbm 30 days, the bulbar cases m the 30-60 day 
group, and the spinal cases Tvitbin the ivbole 60 day period are interpreted as not 
being specifically associated mth the operation 

Seasonal occurrence of pohomyehlis following tonsillectomy 

The more precipitous seasonal occurrence, not only of bulbar pobomyehtis 
foUowing tonsillectomy by a speciGc interval, hut of chance cases following the 
operation, as compared mth the seasonal occurrence of the disease m general, 
IS regarded as the result of coincidence of the season of prevalence of pohomj^elitis 


POLIOMYELITIS 

PERCENTAGE SEASONAL DISTRIBUTION 



Chabt 6 Sb^soxal Occttrrbxce or Poliosttelitis Folloitixg ToxsiBLECTOirr irriHix 
OXE 3 iIOXTH as CoMPABED •with SEASOXAL PbEVALEXCE of PoUOirrELITIB 

rx Gexebae 

rrith the tune of year during which larger numbers of elective operations are 
done (Chart 6) 

Poliomyelitis following adenoideclomy only 

Smce for the most part the data upon which this analj’sis is based are not 
specific as to tonsdlectomy or adenoidectomy, but probabty m the majonty of 
instances, particularly m the younger age groups, refer to both, it is not clear 
whether tonsdlectom}^, adenoidectomy or both are concerned m bulbar poho- 
mrehtis following recent operations In the senes collected, 4 cases followed 
adenoidectomy onlj- (table 2) This small number could represent chance 
occurrence, but the mtervals correspond to the penod observed in the majonty 
of bulbar cases foUowmg tonsdlectomy 

Operations for the removal of both tonsds and adenoids and of adenoids alone 
are performed more often m yoimger chddren, so that m this age group adenoid- 
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ectomy miglit be the deterinmmg factor However, in older individuals the 
operation does not so often include the removal of adenoids, and it will be noted 
from the age distribution of bulbar pobomyebtis following tonsillectomy (Chart 
7) that many cases fall mto the age group comprising mdividuals who probably 
had tonsiUectomy only 

Pohomyehiis following tooth extractions 

Other operabve procedures earned out shortly before the onset of pohomyehtis 
have been noted by a number of observers In the course of this study, a small 
number of tooth extractions have come to notice m the hterature and have been 
reported m personal communications (table 3) 


TABLE 2 

Pohomyehtis following adcnoxdectomy 


ISTHEVVI. 

TVPE 

VGE 

rrrrvTVrv- 

10 davs 1 

Bulbar 

7 

Eley and Flake (36) 

16 davs 

Bulbar 

6 

Personal records (Mass ) 

S davs 

Bulbar 

o ' 

Koskoff (42) 

7 days 

xTon-paralytic 

8 

Fischer, SUlerman and Marks (38) 


TABLE 3 

Pohomyehtis following tooth extractions 


EflEiVAL 

TTPE 

1 EETEEES-CE 

2 days 

Unknown 

Personal communication 

3 days 

Bulbar 

Personal commumcation 

3 days 

Spinal 

Personal commumcation 

3 days 

Unknown 

Gordon (41) 

6 days 

Unknown 

Card (49) 

10 days 1 

Unknown 

Card (49) 

IVithin 3 months (8 cases) 

Unknown 

Personal commumcation 

4 months 

Unknown 

Personal commumcation 


Because but few cases of pohomyehtis follow this more common procedure, 
because the specific mtenal correspondmg to the mcubation period does not 
appear, and because no particular form of the disease is mdicated, the small 
number of cases so far recorded is not sufficient to bnng tooth extraction mto 
consideration as a factor m the occurrence of pohomyehtis It n ould appear 
that this reported circumstance can be relegated to the category of miscellaneous 
precedent circumstances, such as those discussed m the beginmng of this paper, 
which have at i arious times been suggested as etiologic factors 

Expenmcnlal buToar pohomyehtis following inoculation into the tonsillar region 

There are many reasons for thinking that the experimental disease m the 
monkey is not an exact counterpart of pohomyehtis m man This is particularly 
true of the type of disease occirrrmg naturally and that followmg experimental 
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of the bulbar cases occmrmg within 30 days, the bulbar cases m the 30-60 day 
group, and the spinal cases within the whole 60 day period are interpreted as not 
being specifically associated with the operation 

Seasonal occurrence of pohomyehtis following tonsiTleclomy 

The more precipitous seasonal occurrence, not only of bulbar pohomyehfas 
foUowmg tonsillectomj* by a specific mterval, but of chance cases following the 
operation, as compared with the seasonal occurrence of the disease m general, 
IS regarded as the result of comcidence of the season of preTalence of pohomyehhs 


POLIOMYELITIS 

PERCENTAGE SEASONAL DISTRIBUTION 



Chaet 6 Seasonal Occwerence of Poliomtelixis Following Tonsillectomt within 
One Month as Compared wtte Seasonal Fbetalence of PoLroMTELirrs 

EN Genekal 

with the time of 3’ear durmg which larger numbers of electire operatioiis are 
done (Chart 6) 

Pohomyehiis foUomng adenoideciomy only 

Smce for the most part the data upon which this analysis is based are not 
specific as to tonsillectomy or adenoidectomy, but probably m the majority of 
instances, particularly m the younger age groups refer to both, it is not clear 
whether tonsillectomy, adenoidectomy or both are concerned m bulbar poho- 
mj'ehtis foUowmg recent operations In the senes collected, 4 cases followed 
adenoidectomy only (table 2) This small number could represent chance 
occurrence, but the mterrals correspond to the penod observed m the majonty 
of bulbar cases foUowmg tonsiUectomy 

Operations for the removal of both tonsils and adenoids and of adenoids a one 
are performed more often m yoimger children, so that m this age group adenoi 
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of tonsillectomy, regardless of E-hen performed, -was over twice that in the 
non-tonsiUectomized children with the disease, 18 7 and 7 5 per cent, respec- 
tively 

In the Report on Pohomyehtis m Ontario (1937) (39), data are given on 144 
cases m respect to type of paralysis and history of tonsdlectomy The propor- 
tion of bulbar cases was considerably greater where tonsils had been removed 
of 54 cas^ m which tonsils were present, 11 per cent were bulbar, while of 93 
cases who have a history of previous tonsillectomy, 35 5 per cent were bulbar 
Top and Vaughan (40), m a report of the Detroit epidemic of 1939, stated that 
non-tonsdlectomized patients developed bulbar paralysis m 4 2 per cent of cases, 
while patients previously tonsillectomized — whether within one month, one year, 
or over a year of the onset of pohomyehtis — developed bulbar paralysis m 27 
per cent of cases 

Stebbms, Gdick and Ingraham (46) reported an outbreak m Niagara Falls, 
New York, m 1938, m which bulbar paralysis occurred with unusual frequencj’^, 
13 of the 20 patients havmg mvolvement of this type The primary- case was 
a bulbar pohomyehtis followmg tonsdlectomy by 14 days Only 3 other cases 
m the group — 1 bulbar, 1 spinal, and 1 non-paralytic — ^had ever had tonsillec- 
tomy, and aU of these were done at some prenous time 

Although the first case m this outbreak followed tonsdlectomy, the operation 
did not appear to be the determimng factor m the high proportion of cases with 
bulbar mvolvement It should be stated that, unlike the other sen^ showing 
higher proportions of bulbar cases m tonsillectomized patients — of vhich the 
ina]onty had bulbar mvolvement only — the present group, only the smgle 
case followmg tonsdlectomy by 14 days was straight bulbar The other 12 
cases (m 11 of whom tonsils had not been removed) were combmed bulbar and 
spinal 

Cases in Massachusetts, 1927-1931 

Case records of 918 cases occurring m Massachusetts from 1927-1931, mclu- 
sive, on which data were recorded m regard to presence or absence of tonsils and 
type of paralysis, show that of 210 bulbar cases, 122 or 58 1 per cent were m 
mdividuals m whom tonsils had been removed Of 638 spmal cases, 146, or 
22 8 per cent, were m tonsillectomized mdividuals 

Cases in Vermont, 1912—1931 

S i milar records m Vermont, covermg the penod 1912-1931, mclusive, com- 
prised 473 cases with information both as to tonsdlectomy history and type of 
paralysis Of 54 bulbar cases, 12 or 22 2 per cent gave a history of previous 
operation, whde only 19 or 4.5 per cent of 419 spmal cases were m mdmduals 
who had had tonsils removed 

Cases from various localities, 1941 

Durmg 1941, we received information concemmg clmical tjqies of pohom 3 *e- 
htis m relation to presence or absence of tonsils from 12 widelj' separated locahties 
m the Umted States and Canada Some of these groups comprise cases occur- 
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inoculation, and it is bebe\ ed that too sharp inferences from the experimental 
disease cannot always be drawn with reference to the human disease 
Landstemer, Levaditi and Danulesco (50) produced pohomyehtis m a monkey 
by submucous mjection mto the tonsdlar area Levaditi and Danulesco (51) 
failed to mduce the disease by rubbmg or pamtmg the tonsils of three monkeys 
with nrus, while apphcation of the same nrus to the nasal mucosa was followed 
by t 3 'pical pohom 5 -ehtis Such experiments are not particularly mdicative, m 
new of the fact that monkeys develop pohomyehtis with greater or less frequency 
residtmg from numerous routes of mocidation 
Sabm (52) obseiwed that mere transitoiy contact between the normal or 
mjured pharynx or tonsils of monke 3 ^ and the nrus of pohomyehtis was not 
enough to produce the disease, but it was possible to mfect these ammals when 
the nrus is mjected mto the tonsillophaiyngeal region Animals moculated m 
this manner developed bulbar or bulbo-spinal manifestations with great fre- 
quency, as compared with animals moculated, for example, by mtranasal 
instillation of nrus 

It IS mterestmg that Sabm failed to produce pohomyehtis m monkeys by 
appl 5 Tng the nrus immediately to a tonsillectomy wound, while the disease did 
develop foUowmg mjection mto the tonsillar region From this findmg, he 
reasoned that it would be expected that, m the human bemg, bulbar pohomyehtis 
foUowmg tonsdlectomy would occur where the nrus was already present at the 
tune of the operation, rather than as a result of contammation of the wound 
afterwards This is m accord with the mdications seen m the occurrence of 
bulbar pohomyehtis following tonsillectomy at a specific mterval corresponding 
to the mcubation penod of the disease, as contrasted with what would be 
expected if the disease were the result of contammation subsequent to the 
operation 

m PBESEXCE OR ABSEXCE OF TONSILS LX RELATIOX TO CLINICAL TYPES 

OF POLIOMYELITIS 

Observations in the literature 

The earher study of Aycock and Luther (34), aside from the findmg that bulbar 
cases followed the operation at a specific mterval, did not mdicate a relationship 
m general between pohomyehtis and the presence or absence of tonsils In- 
formation on 714 out of 1,224 cases of pohomyehtis revealed tonsillectomy m 
217, or 30 per cent, a percentage m keepmg with the estimates for the general 
population at correspondmg ages However, the comparative frequency of the 
bulbar and spmal forms of the disease was not studied m relation to presence or 
absence of tonsils A number of mvestigatois have subsequently dealt with 
this pomt 

Eley and Flake (36) noted that 74 (56 5 per cent) of 131 bulbar cases and 9o 
(32 percent) of 297 spmal cases had had tonsils excised at some time more than 30 
daj-s previous to the onset of pohomyehtis Fischer, StiUerman and hlarks (38) 
found m the epidemic of pohomyehtis m Toronto m 1937 that the percentage o 
cases of the bulbar form among children with pohomyehtis who had a history 



TOxsitLEcrroin: vxd pouoMTEiiins 


83 


groups the trend is m the direction of a relatii ely higher frequency of bulbar 
pohom 3 'ehtis m mdinduals with a prenous tonsiUectoni}’ The smaller number 
of non-parahdic cases is more nearh' m keepmg mth combined spmal and bulbar 
pohomyehtis m respect to previous tonsillectomj* 

Discussion 

Table 5 is a summarj' of cases of pohomyehtis vnth a history of tonsillectomy 
performed more than 30 daj's previous to the onset of the disease, vhich have 
been collected from the hterature, from personal commumcations, and from 
our ovm records 

The fact that non-paralytic pohomyehtis occurs m tonsiUectomized and non- 
tonsdlectonuzed mdiiaduals mth the same frequencj' as the bulbar and spinal 
forms combmed (as may be seen m table 5) — ^that is, conforms to the total cases 


TABLE 5 

Poliomyelitis according to presence or absence of tonsils and dinical type 


BXnJBKS. ASD BrLBO- 
SPINAl. 

SPINAL 

NON 

1 

TOT KL 
CASTS 

1 

aEJXBECCE 

w ts 

li 

z 

£ 1 
JS. 

11 

*o 

a 

li 

£ 

lonslli 

present 

0 
« i 

P 

*o 
§ « 

o C. 

• 

5 

s® 

** S i 

Ch 1 

114 

40 

74 

279 i 

1S4 

95 




393 

Eley and Flake (36) 

59 

20 

39 

1S4 ' 

106 

78 

247 

141 

105 

490 

Fischer et al (38) 

210 

SS 

122 

63S 

492 

146 

70 

48 

22 i 

918 

Mass 1927-31 

104 

43 

61 ' 

262 

1S4 

78 

57 

S5 

22 1 

423 

Personal Commumcations 

So 

6 

29 

106 

4S 

58 




141 

Ontario Health Dept (39) 

54 

42 

12 

419 ! 

400 

19 

i 



473 

Vermont 1912-1931 

12 

11 

1 

6 

O 

1 

1 

0 

1 

19 

Stebbins et al (46) 

5SS 

250 

33S 

1,S94 

1,419 

475 

o7o 

224 

151 

2,857 



* Not including cases with tonsils removed within 30 days of onset 


of pohomyehtis m respect to the presence or absence of tonsils — might be taken 
as an mdication that the remoi al of tonsils is a determinant, not between non- 
paralytic and paralytic pohomyehtis, but rather between the bulbar and spmal 
forms of the disease 

To facditate comparison between the different sets of figures, m table 6 are 
given percentages of all cases of pohomyehtis with a history of tonsillectomy, 
percentages of all cases of the bulbar and spinal types, and percentages of these 
types with a history of tonsillectomy The percentages of all non-parahdic 
cases are gi\ en where available, and the percentages of these cases which gave 
a histoiy of tonsillectomy 

In the first four sets of figures, the percentages of total cases gl^■mg a historj- 
of removal of tonsils are fauly uniform The proportions of bulbar cases are 
also uniform, and give a history of tonsillectomj^ about twice as frequently as 
do the spmal cases 
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ring m the locahty duimg part or all of the 1941 season, others are cases admitted 
to certain hospitals during the season, and stdl others represent the cases irhich 

TABLE 4 


Poliomyelitis according to presence or absence of tonsils and clinical type 


lOCAUTE* 

BULBAE BrXBO- 

SPINAI. 


\ON-PABALTXIC 


S tn 
1° 


m > 
jS 2 

C ^ 

*c 

H <n 
u 

ES 

— U 

z 

r u 
s ^ 
o & 

V 

V c 

S o 
s 

o 

V 

s z 

Z 

cr 

V o 

O & 

-2o 

E 

’ TOIAl 
CA5ES 

1936-37-39 











Washington, D C 

7 

4 

3 

13 

10 

3 

0 

0 

0 

20 

1940 











Los Angeles, Cal 

5 

4 

1 

3 

1 

2 

B 

H 


15 

1941 







■ 

■ 



Washington, D C 

3 

2 

1 

40 

26 

14 


■I 


46 

Providence, R I 

1 ^ 

0 

5 

i 3 

1 

2 

0 

0 

0 

8 

Washington Co , Miss 

0 

0 

0 

1 

1 

0 


2 

0 

3 

Boston, Mass 









1 


Children’s Hospital 

4 

2 

2 

10 

7 

3 


D 

n 

16 

Haynes Alemonal 

4 

1 

3 

10 

5 

5l 


H 

0 

15 

Louisville, Ky 

3 

2 

1 

25 

21 

4 

4 

2 

2 

32 

NashviUe, Tenn 

4 

2 

2 

16 

15 

1 

0 

0 

0 

20 

KhoYVille, Tenn 

0 

0 

0 

10 

S 

2 

0 

0 

0 

wm 

Fredencton, X B 

4 

3 

1 

9 

8 

1 

4 

3 

1 

17 

Winnipeg, Can 

11 

2 

9 

11 


4 

10 

8 

2 

32 

Philadelphia, Pa 

1 

0 

1 

3 


0 

0 

D 

0 

4 

Cleveland, Ohio 

53 

21 

32 

lOS 


37 

24 


10 

155 

Total 

m 

m 

61 

262 

184 

78 

■1 

g 

22 

423 


* tVe are indebted for these data to Dr R H Detweiler, Children’s Hospital, Wash- 
ington, D C , Dr H S Barrett, Charles V Chapm Hospital, Providence, R I , Dr J P 
Ward, Washington Co Health Dept , Greenville, Miss , Dr C Wesselhoeft, Haynes hfe- 
monal Hospital, Boston, Alass , Dr W E Dierlang, Louisville City Hospital, Louisville, 
Ky , Dr W C Wilhams, State Dept of Health, Xashville, Tenn , Dr W H Enneis, 
Health Officer, Knoxville, Tenn , Dr J M Cameron, District Meffical Health Officer, 
Fredencton, X B , Dr Alaxivell Bowman, Epidennologist, Dept of Health and Pubhc 
Welfare, Winnipeg, Canada, Dr Thomas Farmer, Pennsylvama Hospital, Philadelphia, 
Pa , Dr J A Toomey, City Hospital, Cleveland, Ohio, Dr John F Kessel, Los Angeles 
Co Hospital, Cahforma 

Since this table was compiled data on 95 cases in Detroit, Mch , which are in accord 
with these figures, have been received from Dr Franklin H Top 
7 Xot including cases with tonsils removed within 30 days of onset 
1 1 case had tonsils only removed 

were m the hospital at the tune of inquiry Similar data from one hospital for 
1936, 1937 and 1939 are mcluded This information is siunmarmed m table 4 
Though the number of cases m each of the senes is small, mil out of 12 of the 
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TV rTTX rrtT. TTPZS OP POUOMTELmS PVITH P^EFEEEXCE TO PRESENCE OR ABSENCE 
OF TONSILS IN FAAIILIAi OETBPJIAKS 

Exclusion of ‘parasitic and environmenial lanables 

When Iavo or more cases of pohomyelitis occur m the same family simultane- 
ously many epidemiologic factors can be assu m ed to be the same It is most 
hkely, for eNample, that these groups of cases are the r^ult of exposure to a 
smgle stram of nrus EnTironmenial circumstances, too, such as economic, 
social and samtary status, dietary regimen, geographic location and seasonal 
occurrence may be excluded as operatmg variants, as veil as many host factors 
which may be mvoked, such as race and family Thus these family outbreaks, 
as pomted out m the discussion of the mcubation period comprise self-contamed 
groups of cases from which many of the variables which might enter mto other 
groups can be excluded 

The records of 46 famihes, comprismg 103 cases where the desired information 
was available, are given m table 7, showmg the number of families, the txpe of 
cases occurrmg, and whether tonsils were recently or previously removed, or 
were still preent 

Pohomyelitis foUoicing recent tonsiUedomy 

The group developmg bulbar pohomyehtis followmg recent removal of tonsils 
mcludes a family with 5 simultaneous cases which occurred withm the mcubation 
period of the disease, on all of whom the operation had been done on the same 
day (47) It should be noted that a sixth child m this family was not tonsiUec- 
tonured and did not have pohomyehtis 

One family had 3 simultaneous bulbar cases 2 followed recent removal of 
tonsils, and 1 followed adenoidectomy only, all performed at the same time 
There were 2 bulbar cases m each of 2 famihes m the first faimly, both children 
had been recently tonsillecToinized, and m the second, the tonsils had not been 
removed m either patient 

Clinical type of poliomyelitis according to presence or absence of tonsils 

In 12 f a m ih es there were both bulbar and spmal cases It may be seen that 
the bulbar type predominated m those mdrviduals who had been recently or 
previously tonsdlectomized, while there were more cases of the spinal type m 
those with tonsils present 

Tmally, m the famihes with only the spinal type of pohomyehtis, the majonty 
(55 of 62) were in non-tonsiUectomized mdividuals 
As wiU be seen m the next section, pohomj-ehtis m general tends to occur at 
somewhat older ages than the spmal form. It might be suggested, therefore, 
that the tendency for multiple cases m famihes to run to the bulbar form m 
tonsillectomired mdividuals is m reahty a matter of age However, it is clear 
from the analj-sis m the next section that age itself (rather than absence of tonsils) 
hardly suffices as the explanation for the difference between bulbar and spinal 
pohomyehtis m tonsillectormzed and non-tonsiUectomized members of the 
same family (table S) 
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The Ontario figures show a highei percentage of pohomyehtis cases with a 
history of tonsLUectoni 3 '' than the other series However, the percentage of 
bulbar cases in the outbreak w as the same, and, hkevise, the percentage of bulbar 
cases ginng a histoij'^ of removal of tonsils was about twice that of the spmal 
cases But smce the number of cases in which information was available 
concermng the operation repiesents onl 3 ’’ a small proportion of the total number 
of cases m the outbreak, it is not clear that the higher percentage of cases here 
with a history of tonsillectomy is not due to the manner of selection of the cases 
The Vermont series, evtendmg from 1912-1931, covers a period when tonsil- 
lectomy eiudently was not as frequent as m the period covered by the other 
series The percentage of pohom 5 ^ehtis giiong a history of removal of tonsils 
IS much smaller, and the percentage of total cases which were bulbar is also 

TABLE 6 


Pohomyehits according to presence or absence of tonsils and clinical type 


total I 
CASES 

PERCEJTT 

TOTAL 

TONSILS 

SEMO\'ED* 

PAEALrr 

Bulbar 

TC CASES 

1 Spinal 

LOS PAEALYTIC 
CASES 

EEFESCxCE 

Per cent 

s 

Per cent 

Per cent 
tonsils 
re- 
moved* 

Per cent 
total 

Percent 

tonsils 

re- 

moved* 

393 

43 0 , 

29 0 

64 9 


34 1 



Eley and Kate (36) ‘ 

490 

45 5 

24 3 

66 1 

75 7 

42 4 

50 4 


Fischer et al (38) f ’j 

918 

31 6 

24 8 

58 1 

75 2 

22 9 

7 6 

31 4 

JMass 1927-1931 ^ 

423 

38 0 

28 4 

58 7 

71 6 

29 8 

1 15 6 

38 6 

Personal Commumcations 

141 

61 7 

24 8 

82 8 

1 75 2 

54 7 



Ontano Health Dept (39) 

473 

6 6 

11 4 

22 2 

88 6 

' 4 5 



Vermont 1912-1931^ ' 

19 

1 15 8 

66 7 

8 3 

33 3 

16 7 

5 3 


Stebbins et al (46) 

2,857 

33 8 

23 7 

57 4 

76 3 

25 1 

13 1 

40 2 



* Jfot including cases with tonsils removed within 30 days of onset 


small But the bulbar cases give a history of tonsillectomy with much greater 
frequency than the spmal cases 

Thus, six series are consistent m showing that cases of the bulbar type of 
pohomyehtis give a history of removal of tonsils with much greater frequency 
than spmal cases of the disease 

The outbreak reported by Stebbins, Gdick and Ingraham (46), at the outset 
diffenng from the other series m that a much higher percentage of cases were 
bulbar, is exceptional m regard to tonsillectomy Sixty-six per cent of the cases 
were of the bulbar t 3 qie, with only 8 per cent gi^nng a history of removal of ton- 
sils It IS clear, therefore, that the absence of tonsils was not the factor which 
determmed such a large percentage of bulbar cases m this outbreak 

No reason is assigned for the high proportions of cases with bulbar mvolve- 
ment Such explanations as a particular stram of nrus with bulbar predilection, 
differences m mode of spread, or m population susceptibihty have been suggeste 
In outbreaks of this sort, many such variables cannot be excluded 
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T ABSEXCB OF TO>'5rLS AXD THE OCCERREXCE OF FOllOilTEErnS 'VrTTH KEFEBEXCE 

TO AGE 

In Chart 7 is given the percentage age distribution for bulbar and spinal 
pohomvehtiSj both in individuals vnth tonsils present and in those with tonsils 
remov^ This graph compiled from case records m I ermont and Tlassachu- 



Chast 7 Pebcesxigs Age Diststbcxtoa or PoEroirmrns Accohdin'g to Cixsicae Tite 
ASD Peeseece ok Absexce of Toe'sils 

TABLE 9 


PohonychUs according to age ionsii siaius and cltrical ijpc 
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1 
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so 

i 

10 


5-9 
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i 5 j 

106 

ISO 

i 

27 

! io 
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256 
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1 ’ 

57 1 

S4 


2 

53 

15-19 

141 

91 * 

0 

IS ! 

50 

j 

2 i 

2S 

20 and over 

121 


1 

j 22 i 

27 

i 

1 

11 

Total 

1 1 672 

1 2S1 

{ 10 

I 234 i 

391 

j 

42 

ISI 


* Recent tonaUectomy — 30 days of onset of disease Previous tonsillectomy — 
mo’T: than 30 davs before onset 


setts shows that as would be expected, both forms of pohom^ehtis occur on the 
average at later ages in tonsiUectomized indinauals, but it wdl also be seen that 
the bulbar type occurs at somewhat later ages in both tonsiUectomized and non- 
tonsiUectomized mdividuals 
















TABLE 7 


Poliomyelitis Multiple cases in families according to tonsil status and clinical type 


KUlISZK 

NUUBER AltD 
TYPE OF CASES 




SPD^AL 



or 

TAiriLIES 

B 

s 

Recent* 

tonsil- 

lectomj 

Pre- 

nous* 

tonsil- 

lectomj 

Tonsils 1 
present 

Recent* 

tonsil 

lectomj 

Pre- 

nous* 

tonsil- 

lectomy 

Tonsils 

present 

RElIABgS 

1 

5 

0 

5t 

0 

0 

0 

0 

0 

1 

t6th child no operabon, did 
not have pohomyehtis 

1 

3 

0 

3t 

0 

0 

0 

0 

0 

t2 brothers and 1 stepsister 

2 

2 

0 

2t 

0 

21 

0 

0 

0 

fSame family, tsame 
family 

1 

2 


0 

2 

0 

i 0 

■■ 

1 


9 

1 


0 

4 

5 

0 

H 

8 


1 

1 

2 

0 

0 

1 

0 

n 

1 


1 

1 

3 

0 

1 

0 

0 

0 

3 


30 

0 

2t 

0 

0 

0 

2t 

5 

55 

fNot same family 

46 



10 

m 

8 

2 

8 

68 



B = Bulbar S = Spinal 

* Recent tonsillectomj’ = mthin 30 days of onset of disease, previous tonsillectomy, 
more than 30 days before onset 


TABLE 8 


Poliomyelitis Multiple cases in families according to age, tonsil status and clinical type 



BtTLBAE 

SPINAl 

AGE 

Recent* 

Prenous* 

Tonsils 

Recent* 

PrcMOUS* 

TonsQs 


tonsillectomj 

tonsillectomy 

present 

tonsillectomy 

tonsillectomy 

pteseat 

Under 1 



1 



1 

1 






7 

2 






5 

3 




2 


8 

4 

1 


4 


1 

2 

5 



1 



8 

6 

3 




2 

9 

7 

2 

4 

1 


1 

5 

8 

2 

1 



1 

3 

9 

1 

1 


1 


4 

10 






1 

11 

1 




1 

2 

12 


1 



1 

1 2 

13 






1 

14 





1 








2 

15 






2 

16 







17 






1 

18 







19 






- 

20+ 



1 



4 

Total 

10 

7 

8 

2 

8 

68 


“Ti^^^^Ttonsillectomy = within 30 days of onset o7 disease, previous tonsillectomy, 


more than 30 days before onset 
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non-tonHiUectomized individuals Only one report is available vrbicb has a 
beanna on this question. Top and Vaug h a n (40), m the Detroit epidemic of 
1939 studied vanous factors -with relation to tonsillectomy, namely, the clmicai 
type of pohomyehtis, age, sex, the penod of time tonsillectomy vras performed 
prior to the onset of pohomyehtis, and tonsillectomy histones of groups of control 
mdividuals Then figures indicate that for all forms of pohomyehtis, the 
percentase of mdividuals giving a history of tonsillectomy at some previous time 
13 considerably hiaher among the pohomyehtis cases than among the controls 
m the same areas 

The four groups of controls were made up of mdividuals m difierent parts of 
the epidemic areas, as follows “Case controls ’ were children known to have 
been m contact with cases ; “special distnct controls, children from the northern 
portion of the epidenuc area, where the first cases occurred and the attack rate 
was highest and the economic status low , '“west side controls an area where but 

TABLE 10 


Pohomjditts in Ddroii, 19Si* — Cases, deaths end controls bj tonsiUeclomy status 
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) 

Txyz.u. \ 

, NO TOVaTLlXCTOirr 



1 

1 

i 

] Percsunt | 

KeSbisr 

j Per cat 

AU cases 

521 i 

305 

! 5S 7 ! 

1 215 

41 3 

Deaths 

23 ! 

3 

(13 0) 1 

1 

i 20 

1 

&7 0 

Case Controls 

497 

364 

‘ 1 

i 73 2 i 

1 

i 333 

28 7 

Special Distnct Controls | 

1 129 

113 

! S7 6 , 

, 16 

12 5 

West Side Controls ! 

! 167 i 

13S 

‘ S2 6 i 

, 29 

17 4 

Children’s Inst Controls j 

i i 

1 S9 

! 63 1 , 

, 52 ; 

36 9 


* From Top, F H , and Vaushan, H F Epidemiology of Pohomyehtis m Detroit 
in 1939 Am J Pub Health, 31 777,1911 


few casK were reported and the economic status was low “children’s institution 
controls, children found m homes m the immediate vicmity of a children s 
institution where a small outbreak occurred, and where the economic status 
was good 

In Table 10 the tonsillectomy status of all cases, fatal cases and controls is 
given. 

Among the 23 deaths, 20 or S7 per cent had had a tonsillectomy at some tune 
or other .Among the 521 cases (mcludmg deaths) tonsillectomy had been 
performed m 41 3 per cent The authors do not specify whether the fatal cases 
were the spmal or bulbar tiqie of the disease Other data presented m this paper 
mdicate a greater frequency of the more fatal bulbar form of the disease m ton- 
siUectomized mdividuals, and it can be inferred that the Detroit deaths probably 
mclude a high proportion of bulbar cases 

SUMMABT AXn MSCUSSIOX 

In the data given by Top and Vaughan, a history of tonsillectomy is more 
frequent m ail cases of pohomyehtis than m the several sets of controls in the 
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That the increased incidence of bulbar pohomyehtis in tonsiUectomized 
individuals is not a function of age alone is shoim m Tables 8 and 9 and Charts 
While there is an increase in bulbar pohomyehtis from the younger ages to the 
age group 15 to 19 (it is not clear whether the decrease m the frequency of bulbar 
pohomyehtis m adults may not be due to the paucity of the figures), m aU age 
groups the percentage of cases which are bulbar is significantly higher m tonsil- 
lectomized than m non-tonsdlectomized mdinduals 


POLIOMYELITIS 

PER CENT BULBAR TYPE BY AGE 



Chabt S Pebcektage or PouoiiTELiTis Cases et Each Age Gbottp Which Webe Bcebab 
ix Type accobdimg to Pbesence ob Absence or Tonsils 

VI THE ABSENCE OF TONSILS AS A PREDISPONENT TO CLINICAL POLEOMTELinS 

Aside from cases of bulbar pohomyehtis foUowmg tonsillectomy by a specific 
mterval, none of the data tabulated so far m this paper afford an mdication as 
to whether the absence of tonsils predisposes to paralytic pohomyehtis ^bulbar 
or sp inal — ^upon evposure to the virus It would appear, m new of the fact that 
the frequency of the absence of tonsils m non-paraljdic pohom 5 ’-ehtis almost 
evactly equals that for the spmal and bulbar forms combmed (Table 6), that 
the absence of tonsils does not predispose to paralysis m pohomyehtis, but rather 
is a determinant as between the spmal and bulbar types of the disease m paralytic 

pohom 5 ’^ehtis , 

None of the data presented here penmt an 5 ’^ expression of the frequency o 
the occurrence of paral 5 *tic pohomyehtis m tonsiUectomized, as compare wi 
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The coincidence of the season of prevalence of pohoniyehtis mth the tine 
of Tear dunnc tthich larger nurnbers of elective operations are done ■would appear 
to account for the more precipitous seasonal occurrence of buloar pohomyehns 
follo'wing recent tonsillectomy than is seen m pohomyehtis in general 

The data mcluded m this paper, compnsmg reports of the occurrence of bulbar 
pohomyehtis foUomng recent tonsillectomy from the hterature from case 
records m ^Massachusetts and Termont and from personal commumc-ations, sho'w 
that this form of the disease predominates over spmal pohomyehtis m the group 
of cases occurring ■witiun SO days after tonsillectomy by about 5 to 1 Further- 
more the bulbar cases are concentrated vnthm a specific mterval oi i to 21 days 
after the operation as compared with the random distribution of bulbar cases 
occurring m the 30-60 day tvenod and of spinal cases throughout the ■whole 60-day 
period Thus bulbar cases follo^wmg recent removal of tonsils to a large extent 
occur after an interval correspondmg to the mcubanon period of the disease 
Enidermolonc mvestigations give evidence of ■widespread infection but limited 
disease The distribution of the paralytic disease afiords mdications that the 
occurrence oi the frank disease m the few of the many exposed to the virus is 
not only greatly hmited but exhibits selecti^vities ■which mdicate that some added 
circumstance enters mto the determination of the result of exposure to the virus 
Certam of these selectivities such as famihal occurrence seasonal and chmanc 
variations in frequency the association of the paralync disease ■with persons of 
a certain constitutional type its occurrence durmg pregnancy, and finally the 
relationship to tonsillectomy mdicate that the added circumstance ■which deter- 
mines the result of exposure to the virus resides not so much m parasitic factors 
or m environmental conditions afiecung exposure but m factors of autarcesis 
m the host 


CQXCLUSIOXS 

The results of the present study are m keepmg ■with other epidemiologic mdi- 
cations that some added circumstance determines the form of the disease which 
develops ut>on exposure to the virus of piohomyehns and that this circumstance 
resides not so much m parasitic factors or m emuronmental conditions afiectmg 
exposure but m factors of autarcesis m the host 

It IS clear from our tabulations that there is a causal relanonship between the 
removal of tonsils and the onset oi bolbar pohomyehns ■withm the time mterval 
correspondmg to the mcubation period of the disease 
The figures collected do not lend themselves to analysis as to ■whether or not 
the absence of tonsils predisposes to chmcal pohomyehtis ■with one exception. 
In this instance cases of pohomyehtis gave a history oi removal of tonsds ■with 
greater frequency than controls m the same area. Our tabulations do show, 
however, that the telatu e frequency oi the occurrence oi the bulbar as compared 
with the spmal form of pohomyeht.s is ^ater at all ages m persons ginng a 
history Oi previous tonsillectomy 

Because of the numerical considerations, the hazard of bulbar rather than 
spmal jmbomv^elitis m tonsdlectomized mdividuals hardly constitutes m itself 
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same aiea These figures, barrmg any unseen selection — ^for example, in making 
up the control groups — n ould mdicate that the absence of tonsils predisposes 
to pohomyehtis A one of the othei records presented m this papei lend them- 
selves to analysis m this respect 

Data concernmg the comparative frequency of the bulbar and spmal forms of 
pohomjmhtis m tonsillectomized and non-tonsiUectomized mdi'vuduals (excludmg 
cases occumng ■mthm 30 days after the opeiation) have been collected from 
articles m the hterature, from personal commumcations concernmg the disease 
in 1941 over a wide range of terntory m the Umted States and Canada, and from 
case records in IMassachusetts 1927-1931 and l^ermont 1912-1931 These data 
all show a higher percentage of the bulbai form of the disease m mdinduals with 
a history of tonsillectomy than m those wath tonsils present IVon-parabdic 
pohomyehtis occurs in both groups of mdi\uduals ivith the same frequency as 
the bulbar and spmal forms combined These data, therefore, suggest that 
removal of tonsils is not a determmant between non-paralytic and paralytic 
pohomyehtis, but rather between the bulbar and spinal forms of the paralytic 
disease 

That the relatively greater frequency of bulbar pohomyehtis m tonsiUectom- 
ized mdl^^duals is not a function of age alone is mdicated by the fact that m all 
age groups the percentage of cases which are bulbar is significantly higher m 
tonsillectomized than m non-tonsiUectomized mdinduals 

Because of numeiical considerations — ^roughly 30 per cent of the population 
have a tonsdlectomy at some time and pohomyehtis occurs m only a fraction of 
1 per cent — ^it would be difficult to say to what extent this common operation 
should be avoided because of the numencaUy smaU hazard m respect to bulbar 
pohomyehtis 

Data from a number of sources, over a penod of years, mdicate a causal rela- 
tionship between operative procedures on the nasopharjmgeal mucosa and the 
occurrence of bulbar pohomyehtis foUowmg a specific mterval Experiments 
on the monkej’^, m which the disease was produced by mjectmg the vuus mto 
the tonsillar region, mdicated to one observer that it would be expected that m 
the human bemg bulbar pohomyehtis followmg removal of tonsils would occur 
when the nrus was aheadj^ present at the tune of the operation, which is m 
accord with the observed occurrence of the disease foUowmg the operation at a 
specific mterval 

Operative procedures, such as tooth extractions, have been noted bj'^ a number 
of observers to precede shortly the onset of pohomyehtis However, smce but 
few cases follow this common procedure, smce a specific mterral is not present, 
and smce no particular form of the disease is mdicated, it would appear that this 
cucumstance belongs to the category of miscellaneous precedent events which 
have no etiologic significance 

Our senes mcludes a small number of cases of bulbar pohomyehtis following 
adenoidectomy alone after the specific mterval obsen ed m the majonty of bulbar 
cases followmg tonsdlectomy From the data avadable, it is not entirely c ear 
whether the tonsdlectomy or the adenoidectomy is the associated factor 
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a contraindication to the operation Although the nsk should be recognized, 
the decision for the operation should rather be based upon the indications m 
the mdindual case 

The selectmty seen in the occurrence of bulbar pohomyehtis folloinng ton- 
sillectomy and its relative^ more frequent occurrence m tonsiUectonnzed 
indinduals comprise a demonstration that the nasopharyngeal mucosa ma}’’ be 
the locus of at least one added circumstance which determmes the outcome of 
exposure to the nrus, and is important not only as mdicatiie of the modus 
operandi of autarcesis, but as prondmg a means of prevention Since this 
operation is practically alwa3's elective as to time, changmg the season when it 
IS done, so as not to comcide mth the season of pohom5’^ehtis prevalence, would 
ehmmate numbers of cases of the distressmg and highly fatal bulbar form of 
the disease 

The author is indebted to those already mentioned in the text for data used in this study, 
and to Miss Katharine H Hendne, Miss Mae C Moran and hlr Frank J Curley for valu- 
able technical assistance 
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HISTORICAL AXD Cl IXICAL 

One hundred nnd tu-enTy-fi\ e \eats Iuac ehpsed smce Tames Parkinson 
published his immortal esssiv on the shaking pilsv lU 1S17 (1) So perfect uas 
the picture \Ahich Parkmson drew tint little his been idded to the clinic il 
descnption but this is not true m regird to the pithologi* Parkmson hmiself 
un tided bv preiioiis inquiries imraediitelv directed to this dise.ise and not 
liaimg had the ad\ outage in a single case, of that light which anitomical 
examination melds, was conipelled^to ofier opmions and not facts ind one of 
the mim objects of publishuig'jiis study wis thit friends to humamii and 
medical science might be excited to extend their research to this milidv 
The smidromc was chinctenzed m his opinion bv im ohuitarv tremulous 
motion wath lessened musculir power in pirts not in action .md eieii when 
supponed with a propensitv to bend the trunk forwards and to pass from a 
w alking to a running p ace the senses and mtellects bemg uninjured ' The 
beguaning of the disease is slight and nearlv impeiceptible mid so extremely 
slow- as Its progress that it rareh happens th at the p atient can form aiav recol- 
lection of the precise period of its conamencenaent The first sa-mptoms per- 
ceiaed arc a slight sense of w'eakness wath a proneness to trembling m some 
particular part sometimes in the head but most conamoulv m one of the hands 
and arms These sanaptoms gradually increase m the part fimt affected and 
at an uncertam penod but seldom in less th an taa ela e months or more the morbid 
influence is felt m some other p art As the disease proceeds neaa mcona em- 
eiace is experienced The hand fails to ansaaer anth exactness to the dictates 
of the wall Walkmg becomes a task avluch camiot be performed aaathoiit con- 
siderable attention The legs are not raised to that height or aaith th at prompti- 
tude arhieh the wall directs so that the utmost care is necessara- to preaent 
frequent falls Later on the fingers cannot be disposed of m the proposed 
directions and applied aaith certainta to ana- proposed pouat Writing can 
liardla be accomplished and reading from the tremulous motion is acconi- 
phdied aaith some difficiilta These saanptoni'; are m the first period tem- 
porara , but later the tremulous motion of the limbs rarela- cease- and a neaa 
-amptom inaolauig the posture becomes obaioiH The propen<ita to lean for- 
aa ard becomes inaancible and the patient is thcreba forced to step on the toes 
iiid fore part of the feet wliiLt the upper part of the boda throaan so f ar for- 
w ard a:^ to render it difficult to aaoid falling on the face In some cases the 
patient can no longer exercise hma^elf ba aaalkmg in hi- usual manner but is 
throaa-n on the toes and forepart of the feet being at the same time irrcsi^tibla 
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The separation of palpitation of the limb« (Inmor coactu^ of Sth ms de la Boe) 
from tremor the more neces?ar\- to be insisted on -mce the distraction mav 
assist m leading to a knowledge of the seat of the dt-ea^e In 'haking palsv 
the tremulous motion^ occur while the affected part i= supported or unemployed, 
and being ei en checked bv the adoption of i oluntan- motion whiht m the othei 
tciie of tremor the tremoi i~ induced immediatelv on bnnguig the part^ mto 
action and ceases when the i oluntan exertion foi moiaiig ^tops orthepaitL« 
mpported but rctuni^ when the Imib moved Tlius an artL«t, afflicted wath 
themalidi heie tieatecl of whilst hi' hand and arm palpitating strongh wall 
=eize hi' pencil and the motiom wall be 'U'pended allowang him to use it for a 
diort period bnt m tremoi if the hand be ciuite free from the affection =lioulcl 
the pen or pencil be taken up the trembling immc-chatelv commence^ 

a 'econd point of miponance Parkinson empha-ized the propen=it\ to 
bend the tnmk forward and the tendenci to pa« from a walkmg to a running 
pace Tlie 'tifiness of the patient afiected wath Paikmson ■= disease i' nowadavs 
termed ngiditv and well clisrmgui'hed from 'pasticitc” occuiaang m true 
\ alsie' Rigidity (4) i= a ^tate of fairh 'teadv mu'culai tension mcohang both 
flexor^ and extensoe^ «lowang up the c ohmtan- u^e of the limb' and cau^mg re- 
'istence to pa«ne mocement^ it ma\ be a« great against flexion a« agauL't 
extension Spasticity i« a ^tate of dight or 'eveie ^u^tained contraction m the 
antigra\ata group* of mu*cle* causing po*tural extension m the leg and *hght 
f exion m the arm IMien the mu*cle i* pa**i\ eh stretched the *pa*ticitv re*L't* 
to a certain point and then relaxe* If the Imab l* then left in the new position it 
holds there like a cla*pknuc The deep reflexe* are alwai* me reused often to 
the point of sustained clonu* Cogirlud rigidity (Xegro* (5t sign! is a special 
t\-pe of ngidita on passu e motion against mitcular tension the muscle feel' a' 
u It ga^e wav in a sene* of steps as if the manipulator were raocang a limb at- 
tached to a heacw cogwheel This sjgn ha* become one ol the most imjjortant 
sA-mptoras of the extrap^Ttmldal di'ordei* being present in their each stage' 
Itefore mam other symptoms hai e dec eloped 

In regard to another s^■Taptora described b\ Parkmson the chsorder of the 
handwntmg there is a c anetc of phenomena Tlie commonest i* micrographia 
The patient starts hi* wntmg wath normal proportions but the letters become 
progressn elv smaller and finalh the handwntmg fades out in an unintelligible 
scnbble Ec entiialh wntmg becomes impossible 

^ummanzmg one can sac tlist Parkinson created a well defined clmical cntitv 
charactenzed be a slow insidious begmning and progrC'c- coarse tremor which i* 
more marked durmg rc't thin m motion general ngiditc poccrtc'of motions 
inabihtc to as-ociate moc ement' 'hnnng oi the center of gracatc wath pro and 
retropul'aon sahcation 'oborrliea ca.'Oniotor and other lutonomic chanac*' 
In the folloccana centurc the clinician' were e'-peciallv concemc<l wath the 
cli'tinction of tin* db-ease from multiple 'clero'is opcriallc Charcot dealt ex- 
tcn'icelc ccath the differential diagno'i' Xoccaelac' the difference bctwepcn 
piralc'is aptan' and multiple 'Clcro'i' i* cccll c-'tabli'hed On the other hand 
the ilcar-e ut patholoptal cntitc of 'hakmst palsc ha.' ladcnl ac^ ac m rexent c ears 
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impelled to take much quickei and shoitei steps, and theiebi to adopt unwill- 
ingh a lunmng pace In some cases it is found necessan entiieh to substitute 
1 unning foi w alking As the disease pi oceeds to\\ ai ds its last stage, the trunk 
IS almost peimanenth bor\ed, the musculai porrei is moie decidedh dimiiushcd, 
and the ti emulous agitation becomes Molent The poriei of conreMng food to 
the mouth is impeded so that he is obliged to consent to be fed b\ otheis The 
bowels, which had been all along toipid, demand stimulating medicine of icn 
consideiable powei The woids aie now scaiceh intelligible Ihe actions of 
the muscles of the tongue and phaivn\ aie so much impeded be impaiied action 
and peipetual agitation, that the food is with difRcult\ ictamed in the mouth 
until masticated, and then as difficulth swallowed Xow also, fiom the same 
cause, anothei ^en unpleasant ciicumstance occuis the salna fails of being 
dnected to the back pait of the fauces, and hence is contmualh diaining fiom 
the mouth ” 

These quotations, taken fiom Paikinson’s oiiginal desciiption, illustiate the 
keenness of his obsenation and the incisneness of his exposition A. feii 
obsenations ha\e been added m latei xcais In legaid to onset, Alenclel (2) 
called attention to the fact that the evtiemities which latei begin to shake, suffei 
fiom iheumatoid pains, these ma\ piecede the onset of the tiemoi foi man^ 
veais \'a«omotoi sensations, paiesthesias, and tiophic changes weic al«o 
obsened as foieiunneis of the di«ea.«e Chailes Dana (3), who wiote in 1803 
the fiist Ameiican studv of paiahsis agitans wnth autopsx obsenations, em- 
phasized “a class of phenomena which, I think, desenes moie attention than it 
has leceued is that peitainmg to the \asomotoi s^stem and the blood Ven 
soon, often within si\ months of the inception of the disease, theie appeals a 
peculiai flushing of the face which gnes the patients, along with the facial 
iigiditi, a most chaiacteiistic plnsiognomv Theie is appaientlv also an in- 
ciease of xasculaiitx m the skin which causes sensation of heat and feiei 
Spill gmogiaphic tiacmgs show unusual amplitude of cune wnth eiidence of 
consideiable lasculai fullness I beheie these aie all the eiidences of a 
pietti geneial lasomotoi paiahsis, which affects the skin, musculai si stems, 
spinal cold, and nenes In a ceitain pzopoition of cases of shaking palsi 
attacks of puipuia haemoiiliagica occur ” 

Although Paikinson letogmzed well the disoidei of postuie, he did not men- 
tion the motionlessness of the face, the niask-like appeal ance which has become 
one of the fundamental diagnostic signs Alani lecent authoi s hai e emphasized 
the stillness of the patient, especialli the lack of motion of the face and cics, 
winking becomes a laie occuiience The patient aioids tinning Ins head and 
piefeis to moie his entiie bodi aioiind his axis nthei than to moie a paiticiilai 
pai t of his bocli 

In an analisis of the iiathognoiiionic simptonis, Paikinson placed special em- 
phasis upon the kind of tiemoi encounteied in this disea'-c It is unfoitunatc 
that this analisis was neglected in latei icais He adopted the distinction 
(made bi Siliius de la Boe) between those tiemois which aie piodiiced hi at- 
tempts at loluntaii motion and those which occui while the bodi is at iC't 
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multiple sclerosis ire m the brim and not in the spmil coi-d Oppeuheim (101 
m 190S said tint httle ii is kiioini iboiit the pithologi- of this disease in the 
niijority of cases a post mortem eximmatiou rei ealed nothmg 

The fct person to studi the whole centril nenons svsteni m a case of pin- 
hsis agitans was Borghenm (111 A definite ad\ ince wis brought about bv 
Jelgeisnia (12) m 190S who demonstrated a degeneration of the ansa leuticu- 
lans m tw o cases of piralvsis igitans In 1912 and 1913 F H Lewv (13) studied 
twentv-five cises and found degeneration of the lirge nerve cells of the corpus 
stnatum and nucleus bisalis ind also alterations m the tissue surrotindmg the 
thu-d ind fourth lentricles Under the mfluence of Cecile and Oskir 1 ogt 
special attention was centered on the stnatum O I'ogt (14) wrote about paral- 
isis agit.ms 111 his well knowai pipei of 1919 In onr seaeu cases of paralvsis 
acitans we haae uia iniblv found — imong more or less extended pathological 
processes m other parts of the central ner\ oiis svsteni — a serious alteration of the 
striatimi and m i smaller degree of the pallidum He obsen ed atrophv of the 
g-uighon cells and degeneration of the mvehnated fibres in the caudate nucleus 
small 1 acunae w itli softening and hemorrhages and pent ascular rarefaction He 
used the terms etat precrible and etat crible for the condition arotuid the 
capill anes and the term etat 1 acimaire ' for the pei i\ ascnlar degeneration around 
the larger a essels (Fig 1 ) 

The most pariicul ir theon wath lYg-ird to the degeneration of the uen e cells of 
the stnatum and its rclition to eluiicil svniptoms was de\ eloped bv Ramsey 
Hunt t.15) He rel ited the chorea sa ndronie to a degeneration of the small cells 
of the neostiiatum The paralasis agitans saaidrome is in his opuuon i elated to 
the lai-ge cells of put inien and globus palhdus the tremor tvpe to the 1 u'ge cells of 
the neostriatum (put amen) the ngid ta-pe to the lirge cells of the pallidum 
(Fig 2 ) 

A strong impetus to the studa of extrap\T-mud il pithologa* cinie fiom ob- 
sera ations on postencephalitic P irkinson s disease After amu Ecouonio had 
called attention to encephalitis leth irgica a uunibei of French scholars pointed to 
the importance of lesions in the substantia nigra Under their influence m- 
aestigitors of all countries confimied the obseraatioii that in postencephalitic 
P irknison s disease the destruction of the cells of the substantia nigra pi la’s a 
mam parr in the p ithological picture Ch art I lists the nioi e important public i- 
tlon^ on this mbject 

It is obaaous th it there is much un inmiita' with regard to the loc ihz itiou of the 
mam lesions Although the corpus stn ituni is niostla ina ola ed in some w aa the 
lesions 111 this p art appe ii of lci5s importance in comp iri^on aaath substantia nigra 
It IS notewortha hoaaeaer that the medulli the central graa matter around the 
aeiitncles and iqiiediict and the cerebral cortex hia e been found pathological in 
almost all case? where a complete exanuiiition his been made 

Because of these studies new interest was centered upon ‘idiopathic pa- 
ralasis agitans French authors whoneaer ontireh accepted the conception of 
C and tt \ ogt ilxmt the striatal lesions felt that the localization of parah'is 
igitaii' w i< identical with that of post -encephalitic Plrkln'Oll:^ disease Foix 
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and the use of the temi “parkinsonism” is rather indiseriminateh applied to am 
condition where tiemoi and iigiditv aie encountered Howfai the confusion has 
pioceeded ina\ be seen fiom a papei winch A Bizezicki (6) published in 1928 on 
“pai kmsonismus siTiiptomaticus ” In this publication, he described three cases 
of undoubted multiple scleiosis because the cases showed marked spastic pa- 
rah Sis, akinesis and ‘ slight ngiditi ” Paikinson himself was well aware of the 
fact that tremoi and othei signs similai to those seen m shakmg pals\ , mac occur 
111 the couise of othei diseases, especiallv after a sudden parahsis which is as- 
sociated with dmnnution of coluntaic muscular action and mipainnent of the 
sense of feeling He also warned against confusing paiahsis agitans with the 
ti enioi of adc anced age and all those ti embhngs w Inch pi acceded from paresis of 
muscles 

One of the objects of this paper is to show that the swndiome descnbed b\ 
Parkinson is the result of mterfeience with ceitain functional units of the central 
nervous sc stem Such mterference carries a typical pictui e of scauptoms known 
as paralys 2 ^ agitans Variations m this picture are fiequent and a laige group of 
cases IS somewhat loosely giouped under the term “parkmsomsm” VTien the 
cause of the sc'ndrome is known oi strongh suspected, adjectices =uch as en- 
cephalitic, postencephalitic, arteiiosclerotic, sende and mphilitic are used to 
modify the nouns In this papei we u«e the terms Paikinson’s disea'e” (or 
scTidrome) and paiah «is agitan« as scnoirnnou* and we look on the addition of 
ism” to Paikinson’s name as a bit of lathei barbaious medical cemacular 

PCTHOLOGY 
Revieii of Literature 

Parkinson was not able to make a post mortem ecamination upon am of his 
patients and only on “conjectures founded on analogc-,” he concluded that 
shakmg palsc is a diseased state of the medulla spinalis ectendmg, as the disease 
jnoceeds, to the medulla oblongata For almost a centun the inteiest of sub- 
sequent me estigators was centered on the spinal cord and the medulla Redlich 
(7) m 1894, studied carefulh a series of autopsies upon patients with parah'is 
agitans and compaied them wuth cases of senilitc wuthout shakmg pals\ He 
found m the fonner an endo- and pei i-artentis wnth continuation of the m- 
flammatoiw ” process into the surroundmg tissue The jieric asciilar tissue 
showed enlargement of the pern asciilar spaces and scleiosis He felt definiteh 
that the pathology of paiah sis agitans was different from that of senilitc These 
obserc ations are somew hat suppoi ted bv a stude of Spielmec er (S) on senile 
diseases of the cential neivous sc stem He found increased abbaii of an amoe- 
boid tcqie, and expressed the opinion that the alterations of parahsis agitans aic 
different fiom those seen in othei tcjies of senile diseases of the cential nenous 

sc stem _ no n 

At a meetmg of the Xeurological Societc- of Xew 1 ork, on April 7, 1903, her- 

naid Sachs (9) objected to the opmion of Charcot whose idea was that the main 
pomt of differential diagnosis betw een multiple sclerosis and parah sis agitans k 
th it m parah sis agitans the head is not me oh ed w hereas the chief finding? o 
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vessels He descnl^ the lesions as of i caractere dissemme ei insulaire 
TretiakoS' ( IT"' ivho ivas the Srst to insist on ihe unponance of the lesions of the 
suhstanria nigra felt that the locahzation of paralvsi' agitans and postencephaluic 
Parkinson s disease ivas ideniical. In replv to the criticism oi L Hermitte he 
said thit unoonant factors are tune the phv'iological state of the patient and 
the condition of other sj'stem' esjiecially the piYaniidii rmet L Hermitte and 
Corneille (IS ‘ h id seen the alterations of the siihstanti i nigra m p iral\”is agitans 
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hut diei Ivelieted them to l>e non-siwuic In a ^tudv of seien control ca^C' 
nhich did nor shore the ■^r-mpioms of piralvsis agitans thev foimd nmdir 
chances In p-'nlvsi' agiiaii' ther found legions in the cortex m tiie neduncle^ 
in the port' end esi>etialh m the medulli 

V nmn? difhcult ciue'tion rrhicn ha- not vet Ihyii -ettkni k whether or not 
{urih-i- icitem L' freoncntlv tlm to iiym'vccncnitcHi cnconh iliti' ''irm- of an 
infiimmiioa nnx’es> are oiion nn£cni whcrc-ttierl no hi'torv oi encenha- 
Iit’- On the other h->na,^it i- Hie eA^enviic^ of m-’in n ve^iicaiors th u after 
/ c- - -- 
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(16) c\pie««ed his belief that the pi 006^*563 weie identical and found a constant 
a teiation of the substantia nigia He found the changes in the lenticular nu- 
cleus modeiate and not stiiJcing and obsened moderate calcification of some 



Fig 1 For General Orie\t\tio\ Homzo\T\L Section through Bas\l Gcnglic 
Picture taken from case 7 Mi dm preparation (For pathologi see text ) ^ an- 

terior commissure C laiidate nucleus P piitamtn, G globus pallidus E e\ternal 
niedullarv lamina C I capsula interna post limb F fornix Pu puhanar, CL corpus 
Lux SI, H habenular commissure CR corona radiata I insula Cl daustrum and 
cipsula externa Hial thalamus ant anterior limb of capsula interna 
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teat £is the substsatia nigra. The globus paHidus seemed to be Ejected most m 
the ‘udiouathie ’ cases The authors expressed the ophiou that “the longer the 
duranon o: the disease, the closer does the histologic picture of the cells ap- 
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pro-dma'e that o: the idiopathic type In chrome cases the pe-itascTilar mSltra- 
tion and the abbau products in the nrehof-Rohm spaces tend to disappear the 
cells degenerate and are replaced by p-ohierative glia, and the mvehn sheaths be- 
come destroyed, gi— mg rise to etat crib^e and etat marbre These authors op- 
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‘jome jeais the signs of an mflammatoij piocess mav cease in encephalitic 
Paikinson’s disease and degeneiatne changes and scar formation become the 
mam pait of the piocess In these cases the pathologist cannot proie the in- 
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flammaton etiology' of the condition m spite of the fact that theie nas a 
hlstol^ of encephahtis obtained Keschner and Sloane (19) thoroughlv studied 
se\ en cases of ^ anous types of paiah «is agitans and found the substantia nigra 
mr oh ed m sl\ The locus caenileus was found mr oh ed almost to the same ex- 
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In 1937 Rolf Hassler (20) pubMied an elaborate paper on the pathology of 
paralysis agitans and of postencephalitic Parkinson’s disease Hassler con- 
cluded that his material confirms the opinion of Tretiakofi: that lesions of the 
substantia mgra form the underlymg pathology of paralysis agitans He also 
mentions cellular degeneration m the substantia inno nnn ata The most sur* 
prismg conclusion of his paper is that the stnate body, yrhich the I ogts con- 
sidered as a mam seat of lesions is m his opmion found to be affected m the same 
tray and to the same estent ’ m brams fromsemle persons who had no motor dis- 
orders Hassler beheves that m postencephahtic Parkinson’s disease the medial 
cell groups of the substanha mgra are more affected, m paralysis agitans the 
lateral cell groups 

When our paper was almost completed, another study on Parkinson’s disease 
appeared from Oskar Togt’s Bram Research Institute, now under the gmdance 
of H Spatz In this paper Spatz and Eaue (21) confess their conversion to 
Tretiakoff’s idea, that the lesions m the substantia mgra are of most importance 
for paralysis agitans as well as for postencephahtic Parkinson’s disease and deny 
any significance for lesions m the globus palhdus Accordmg to their statement, 
there are either no lesions or the alterations do not differ from those seen m senile 
conditions without motor disturbance The paper confirms the observation, 
nowadays well established, that lesions m the substantia mgra are mvanably 
found, but the demal of lesions m other sectors mdicates that the shifting em- 
phasis IS merely a matter of mterpretation and is not based on objecbve obser- 
vation 

In Chart 2, the mam pubhcations on the localization of Parkinson s disease are 
listed Bnsseau who first mentioned the substantia mgra, found a tuberculoma 
in the substantia mgra m one of his cases On the whole the chart is self-ex- 
planatory and shows that the observations are more m accord with each other 
that one could expect from perusal of the hterature The more enthusiastic m- 
vestigators were prone to emphasize one center while discardmg lesions m others, 
while the more systematic mvestigators were impresed by the widespread nature 
of the disease 

XEW CASE REPORTS 

Case reports on paralysis agitans are so abundant m the hterature that we felt 
it not necessary to collect as many cases as possible Eight cases were collected 
from three large hospitals where the diagnosis was made and these cases wiU give 
the opportumty to discus the problems which are encountered m the pathology 
of this condition 

The last two cases are mcluded because of the unusual clmical picture but 
we are aware that a more critical apphcation of the diagnosis of “Parkinsonism 
or Hemi-Parkmsonism” would question the justification of their presentation 

A bnef summary of eight cases^ is given m Chart 3, and the mam problems are 
stated m the foUowmg eight abstracts Details can be found m the appendix 

* VTe are indebted to Dr S B Wolbach and Dr T J Putnam for tbe brains of the first 
three cases, and case four, by courtesy of Dr Leo Alexander Case seven and eicbt through 
courtes^ of Dr Charles Kubik 
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CHART 3 


^0 

SEX 

AGE AT 
THEE 
OF 

DEATH 

AGE 

WHEN 

PARKIN- 

SONlSil 

WAS 

RECOG- 

NIZED 

CHAEACTEE OF tl^OSS 

LOCALIZATION 

1 

M 

71 

67 

Generalized gliosis and degen- 
erative cell changes, some 
capillarj- sclerosis and artenal 
h 5 'pertropby, perivascular ne- 
crosis 

Substantia mgra, locus caeru- 
leus, pallidum, putamen, sub- 
thalamic region, cortex 

2 

M 

61 

51 

Penvascular round cell infiltra- 
tion in substantia mgra ves- 
sels, venous atony, perivas- 
cular enlargement, penvas- 
cular necrosis, penvascular 
gliosis, ependymitis 

Substantia mgra, tegmentum 
of pons, medulla oblongata, 
locus caeruleus, subthalamic 
region, pallidum, putamen, 
cortex 

3 

i 

60 

58 

Venous atony, artenal bj-per- 
trophj', capillarj' sclerosis, 
penvascular necrosis, degen- 
erative and gbotic alterations 
of parenchyma 

Substantia mgra, tegmentum 
of pons, medulla oblongata, 
locus caeruleus, subthalamic 
region, pallidum, putamen, 
cortex 

4 

F 

49 

! 

48 

Penvascular enlargement, some 
penvascular round cell infil- 
traPon, penvascular necrosis 
and demj-ebnation, ependj-- 
mitis, ghosis, patchy paren- 
cbjina degeneration 

Globus palhdus, putamen, fron- 
tal and precentral lobes (sub- 
stantia nigra not available) 

1 

5 

M 

42 

41 

1 

Penvascular enlargement, round 
cell infiltration, ependjomtis, 
vancosity in frontal lobe 

Cortex, basal ganglia, sub- 
stantia mgra, medulla, spina! 
cord 

6 

IM 

18 

16 

Round cell infiltration, penvas- 
cular enlargement, necrosis, 
patchj parenchyma degenera- 
tion, patchy leptomemngitis 
about frontal lobe with cor- 
tical degenerafaon 

Cortex, basal gangha, sub- 
stantia mgra, medulla, spinal 
cord 

7 

M 

63 

40* 

Vascular atony, status cnbl4, 
degeneraPve changes of paren- 
chyma 

Globus palhdus, putamen, sub- 
thalamic region, substantia 
mgra, medulla, spinal cord, 
cortex 

S 

IM 

60 

50 

Penvascular enlargement, ne- 
crosis, status cnbl4 and lacu- 
naire, some round cell infiltra- 
Pon and penvascular gliosis, 
ependjumps, vancose condi- 
tion of right temporal lobe 

Substantia mgra, globus pal- 
lidus, putamen, se\ ere changes 
m frontal and precentral 
lobes and temporal cortex 


* Probably 


posed the %aew that the neostnatum and paUidum are the predominating sites for 
the lesions m the “idiopathic parkmsorusm” and the substantia mgra m en- 
cephahtic Parkinson’s disease 
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peered -vlmoji free irom simiHr changes The most outstanding sue ot the morbid 

process wis lound m the nght suhstintn mgr-i which wis reduced oiie-third in sire meis- 
unnc 10 mm in ividth while the lelt measured 15 mm There wis i set ere destniction of 
cells of the lateril and intermedi il groups the process involved also the medial cell groups 
but to less extent Changes oi imoortance were lound in the glcbus nillidus where set ere 
demt-elinition of the fibre bundles especiallv in the external medullirv lamini were dts- 
clos^ The lesions were equal on both sides The putimen and caudate nucleus were 
essentiallv negative the cortex showed pitcht atrophv wath comoensiton fibrosis oi the 
leotomeninges The vessels were relaxed the cipillanes congested The penviscular 
so ices were filled wath 'round cells which were hi^'tocvtes and not blood elements The 
findings revealed severe cireulatort deficienet with other chinges which are consistent 
with in infiammitort brim disease but not pathognomomc The degcnerition of the sub- 
st intia men wis mest marked on the right side and it is oi interest to notice that the tremor 
of the natient was found almost restricted to the opposite side iFig 3i b and c 1 

Cost ~ This \ear old woman had shaking paisa of the left leg and foot which dc- 
\ eloped at an age oi about -1^ a ears Although there was no histora- of encephalitis the 
clinicians felt that the picture w-^s that ol postencephalitic Pirkinsomsm At iiitopsa the 
bmn showed marked pathologa- in the globus pillidus oi both sides where the fibers were 
demaelinited and degenerated Calcific anon appeared in the form of rings around the 
a'cssels oi the globus palhdus and calcified particles were found all oaer the pallidum and 
to some less extent in the thalamus The put amen showed patholcga ot much less degree 
The cortex rcaealed tlunmng out of the first laaer calcified precipitations in laaer fiae 
and SIX in some areas similar to thc<se m the pallidum and patcha degeneration of the ncra e 
cells The lentomcninges showed irregidar fibrotic thickenirg and the penvasciilar spaces 
were filled wath blood exudation and abbiu elements Tnfonunatclv the substantia mgra 
was not aaailablc in this case for microscopic examination although the examination 
did not reacal an actia'c encephalitis the findings were most consistent acith post- 
encephalitic paralasis agitans 

Cost a In this CISC a definite histora of encephalitis 41 a-ears before death wis giacn 
The patient graduilla dca eloped ngidita which micriered anth his walking and eating 
\Mien he w is hospitahred at an age of 42 a ears a pencct picture of Pirkinson ssandrome 
wath ngidita tremors and movements Oi trunk and hmbs cn bloc W'as present He showed 
sampathciic samptoms like rudda face marked seborrhea and consmeuous droohng The 
autop^a reacaled destruction of the substantia mgri severe destruction of nerve cells in 
die globu^ palhdus and putimen iiid conical involaement Most marked were ihe vas- 
cula- changes throughout wath mcrc’sed number and sire of vessels gmat congestion and 
changes an the a ascula- wall* hemorrhages an the white matter with iron deposits were 
numerous mucm-likc deposits and ima loid were lound Oi great in. crest was the doa elop- 
nient of a inco'ities in sea oral conaoluiions o. the ironial lol>e This case adds new evi- 
dence lo the persistence of inflammiiora bi-iin changes lor seaeral a cirs ai.er encephihtis 
le.hirgica The destructions in the substintia nmri in the tissues surrounding the iquc- 
diict and tl c a cntncles in both basal ganglia and in the cortex showed how widespn. id the 
maolaoment o. the nervous sas.em was Ol special in eresi were the a isculir chimrcs 
wa.h .he dea clonmcnt oi a a inci se condition in the irontal lobes Similar changes m la be 
seen in cases of parala-sas agi; aiis w hare a definite his.ora o' encephalitis is'not given iFig 
-a and b 1 


Off >7 ThKpa.ient who iheel at the •■ge cf IS aears went through an obscure di-ease 
at an -.ge of jeacn months when he cned constan.la The end result was a mcnialla de- 
ficicn. child wath oaer-actiaaia and some behaaaor problems winch are so irequontla seen in 
po-i-enetphali.ic coadiuoa= oi chiUlh.aod \.t .he age ol 17 1 e shiiietl from the mstlcss 
oai'nctiae s,-i 5 e m.o a ta-pical condition ol paralasis agitans wath gencralired ngidi.a 
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Abstract of Case Reports 

Case 1 A former railroad worl-er, slightly undersized (body length 5 ft 6 ins ) developed 
tremors of hands at an age of 67 y ears Two years after onset he was first seen on a medical 
ward At that time he was a poorly nounshed man with fixed expression, dry scaly sbn, 
coarse tremors of both hands, sbghtly more marked on the left side and generahzed in 
creased ngidity with cogwheel phenomenon In the course of four years, the tremor in- 
creased in intensity and pill-rolhng movements were observed The patient died after 
suprapubic cystotomy, which was performed for his enlarged prostate and difiiculbes m 
unnation Exaimnation of the brain revealed a rather heavy brain of 1490 grams Micro- 
scopic exammation showed generahzed sclerosis of the brain with mcrease of all gha types 
The subependymal gha along the lateral and fourth ventncles was greatly increased The 
sylvian aqueduct showed a broad layer of marginal gha The nerve cells of the brain 
showed fatty degeneration all over The substantia nigra cells were still recogmzable and 
not greatly reduced in number but they were degenerated Compared with other nerve 
cells, the difference in the degree of degeneration was not marked The frontal and pre 
motor cortex showed macroscopically slight atrophy of the convolutions and microscopi- 
cally marked sclerosis with atrophy of the nerve cells ICo senile plaques present lo 
myehn preparations the caudate nucleus, putamen and paUidum showed a darker color than 
normally Under the microscope the myelinated fibres of the caudatum and putamen 
showed degeneration but my elm was recogmzable on places which are normally without 
myelin This was especially noticeable near the lateral border and in the rostral part of 
the putamen (status fibrosus) The penvascular spaces were enlarged and frequently 
filled with blood exudation and abbau cells Penvascular necrosis and increase m gha 
were marked While formation of laounes was outstanding in the putamen, the palhdum 
appeared intact The pathological findings indicated a generahzed active degenerative 
process of the brain with marked fatty degeneration of motor cells, increase in gha and a 
status fibrosus of caudate and putamen The small capillanes were congested, the middle 
sized vessels relaxed Artenosclerotic changes neghgible 


Case 8 This 61 year old patient had a history of at least 10 years of Parkinsoman syn- 
drome affecting both hands and legs He died 10 days after operation for volvulus Au- 
topsy of the brain disclosed the main site of the pathological process in the substantia mgra 
involving both sides The intermediate cell groups of the substantia compacts were en- 
tirely gone, the lateral cell groups destroyed at many levels The medial cell groups were 
somewhat better preserved although the morbid process was defimte and varied at vanous 
levels in its degree A second focus of the morbid process was found in both globi pallidi 
where demyehnation of the fibres and destruction of nerve fibres were striking The lateral 
medullary lamina was degenerated on both sides The stnatal fibres in the putamen were 
demyebnated while the nerve cells were still recogmzable although sbghtly reduced m 
number The cortex, especially the frontal lobes, showed some areas with a marked re- 
duction of nerve cells and the white core showed bleaching in many sections The lepto- 
memnges revealed patchy fibrotic proliferation The penvascular spaces were enlace 
and filled with some abbau elements There was no evidence of artenosclerosis T e 
pathological findmgs indicated a generahzed degenerative process with most marked de- 
struction of motor cells in the substantia mgra and degenerative changes of the glo us 
palbdus with no signs of active inflammation (Fig 3d ) 


Case S In this previously' healthy and ngorous salesman of 205 lbs a coarse tremor de 
veloped at an age of about 59 years The tremor was first restncted to the left hand ana 
showed the charactenstics of Parkinsoman tremor During the following y ears the treinor 
snread to the left leg The gait became qmck, short-stepped and shuffling, his men 
reactions became slow and lack of imtiative was noticeable Although the post-mor e 
examination of the body organs revealed generalized artenosclerosis, the brain vesse s a 
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do\elopcd ^\^s thit of gencrdizcd ncidn\ ind wcikncss Ihc tremor t\ is not in out- 
standing item in the picture inditisnot cntireK cleir from the histon whether the tremors 
which were obsened were of an intentional chir-icter or of the “resting tjpe Although 
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I’ojt-encephahtu Pirkiii'onism Two idjiccnt frontal coinolutions 
1 " ot white niittcr (11 ind E stun ) 
t enacal IcmI of -pinil cord Note pern iscular round cill infiltration 
I’enphcral dinnehii ition of white mattir (H and E stain ^ 
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tremors, drooling and other sj mptoms characteristic of tins condition The post mortem 
exarmnation showed again the wide-spread character of the microscopic lesions with dc 
struction of the substantia nigra, the basal ganglia and se^ere lesions in the frontal ind 
pre-motor cortex (Tig 5a, b, c and d ) 



Fig 3 


(a) Case 3 Complete destruction of substaiitii nigra of left side it this Iciel Xotc 
the mcscnch} nnl proliferation around the icsscl with slight round cell infiltration and 
pennsculii scarring (H and E stain ) 

(b) Case 3 Substantia nigra cells of the other side Some pigmented cells are still 
present but in a state of dissolution (Xissl stain ) 

(c) Case 3 Globus pallidus Xote the dennelination with miineious laigo btilh-hke 
swellings (b) hea\j pern ascular calcification around small ^ essels G ) (Weigert m\ eline 
stain ) 

(d) Case 2 Frontal cortex Xote the fibrotic proliferation of leptomeninges (1), 
atropln of cortex (c) with ischemic necrosis and cell loss (H and E stain ) 

Case 7 This patient came under close medical obser\ ation at the age of 63 ^ e irs but the 
histon re%ealed progiessne s\ mptoms since the age of 39 Ct that time he de\ eloped an 
attick of headache associated with vertigo Later on he noticed progressne weakness of 
the legs and loss of strength of the right irm The neurological picture which c\cntualh 
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eh^nsei of motor cells were obtnous all o\ er The putamen showed a status cnbrmis with 
enlarsement oi the penvascul ir spaces, hvpertropb^ oi the a ascular w ills lud peni ascular 
necrosis The pallidum showed marked demjelimtion Outstanding wis the gliosis 
around the iqneduct and about the floor oi the lourtb ventricle The cortev shoned gen- 
eralized atropliv with widening of the sulci There nere a number of pent ascular blood 
transudations in the basal ganglia and in the mid-brain Tlus case shows well the diffi- 
culties which are encounter^ il the patient had little medical siipenision during life and 
came rather 1 ate under medic al care " It is impossible to decide whether or not the n hole 
disease process started nitli an attack of infiammatora brain disease at the age of 39 The 
clinical picture nhich deaeloped later on was more that oi general rigidiu than that of 
tapical paraUsis agitans unless one likes to use the term parahsis agitans sine agitatione 
The autopsa did not disclose marked artenosclerosis which could explain the ngidita nor 
were there definite signs ot an inflammatori brain disease For the diagnosis oi “progres- 
sixe atropha of the globus pallidiis in the sen^e ol Ramsea Hunt there is little support in 
anew ol the widespread lesions in the putamcn substantia nigra inferior olia ara nucleus 
and cortex The lesion in the substantia mgra on one side with glia scar tomiation and 
total destruction of nerve cells aaas suggestive of an old inflammatora disease and it is 
again notewortha that the lesion in the substantia nigra aaas on the lelt side while the onla- 
tremors seen during life were observed in the nght limbs of the patient (Fig 6a and b ) 

Cost. S This patient aaho died at the age of 60 a ears had been a backward member oi 
societa since childhood At the age of about 50 he dea eloped att acks ot unconsciousness 
accompimed ba coitanilsions and folloaaed ba a period oi somnolence In such an attack 
he was found stretched out in bed head and eaes turned to the nght irothiugat the mouth 
the nght leg spasmodicalla jerking the leit leg and arm stiff Later in the attack the 
nght arm started to jerk and taaatching of the nght side of the face a\ as seen This patient 
dea eloped a rha thmic tremor of the leit arm hand and head There avas cogwheel ngidita 
oftheleftarm A diagnosiswasniadeot hemi-Parkinsomsm and conaailstae seizures The 
brain showed at autopsa a definite atropha- of the left irontal lobe, in the nght temporal 
lobe a dark area raeasunng 2 cm in length and 5 mm in diameter avas found beneath the 
cortex The microscopic examination showed aaidc-spread lesions mth patcha degenera- 
tion ol the substantia mgra more marked on the left than on the nght side In thelentiiorm 

nucleus necrosis of the putamen and demaclin alien oi the globus pallidus were marked on 
both sides The pena-ascular necrosis was marked all over the white matter The pa- 
thologa in the right temporal lolx- turned out to be a a enous angioma simplex or caa ernonia 
which showed thrombo-nhlebitis The pathologa indicated a sea ere circiilatora deficienca 
aaath blood exudation and pena ascular proliferation of connecuae tissue some “round cell 
infiltration and ande-spread degenerative disease ot the brain A difficult question is 
whether the angioma represented a congenital malfomaation or occurred as a part ot the 
disease process dea eloping in liter liie Some authors are inclined to consider all those 
angiomata as congenital malformations but observations on angiomata in a anous organs 
proac that thea maa well deaelop in later lite and the senile angioma is a well recognized 
condition The difference between a a ancose condition and an ingioma simplex is im- 
possible to vlefinc the lormer ends aahere the latter laegiias In our case taao lacts seem 
to point to the dea elonment in later hit First wesaw incase ao an identical condition in 
svaeral parts Ol the cortex ->s a sequela of an enceph aims and secondia an almost identic al 
enlargenaint and increase in a asculanta act ol less degree was ohscracd in niana sections 
ol this case It soenis concciaabic that the angioma simplex deaeloped from the general 
stagnation of circulation On ’he other hand this patient aaas somewhat backw ard from 
the aera laeginmng which maa suggest a congenital nialfomiation This assumption i« 
supporteel ba the unusual finding of a congenital anenrasm of the aorta and the narrowing 
ol ihe conaohitions o! both parietal lobes It is thcretore eisila conccia able that there w as 
a small conge nital hemangioma in the temporal lolie which was gteatla enlarged due to the 
circiilatora deficienca winch deaeloped lattrin life The pathological findings oi the c-i'C 
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c\tnp\ rmiid il disease \\ is ob\ lous, it is not cntirelj clear \\ liethtr the picture m as that 
of true paral\sis agitaiis The pathological findings were also different in seieral points 
\1 though the substantia nigra shoM ed undoubted signs of unilateral destruction at one lei cl 
on the left side at mam other leiels both sides appeared rather nell presoned Fatfi 



Fig o 

(il Case 6 Parkinsonism in IS icar old boi Frontal lobe Note ulcgi na (sclcro- 
gim) of one comolution mtli cistic degeneration of cortex and proliferation of lepto- 
meninges (Mx ebne stain 1 

(b) Case 6 White matter of frontal lobe Xote dem\ elination and pennscular 
necrosis Round cell infiltration of peni oscular spaces (Mieline stain ) 

(c) Case 6 Accumulation of round cells in form of a miliao ibscess in the neighbor- 
hood of a small xessel in the tegmental region of pons Increased gliosis in surrounding 
tissue (XissI stain 1 

(d) Case 6 Complete destruction of substantia nigra cells nith slight pern oscular 
reaction and general increase of glia (XissI stain ) 







(i) Case 7 At the nglit hand of obscr\ er, the substantia nigra cells (left side of patient) 
hate almost completeh disappeared On the other side the substantia nigra is somcnhat 
better presetted but the cells are small and in a state of dissolution (Xissl stain ) 

(b) Case 7 Glia sen in substiiiti i nigra suggestnc of old encephalitic process (Alal- 
lort PHT stain ) 

(c) Case S Thrombosizcd tessel in put amen tilth nett canalization and adientitial 
proliferation (H and E stain ) 

(d) Case S Put amen tilth status dismtegiatioms Xote the heatt peritascular ring 
calcification of the small tessels and the status lacunaris in the lateral part of putamcii 
Peritascular necrosis mat be traced deeplt into parenchtma (JIteline stain ) P = 
putamen, G = globus pallidus, I = insuli 
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lidum IS a separate nucleus (“old stnatum”) Thus tie distinction between 
caudate and lenticular nuclei is not physiological. Accurately speaking the term 
“striatum’ includes the internal capsule and ansa lenticulans, in fact these are 
the structures which make the basal ganghonic mass look striated on section 
Common usase, however has made the name “neo-striatum” acceptable as 
roeamng the caudaie-putamen and “paleo-stnatum the palhdum The smaller, 
more caudal nuclei (substantia mgra, reticular formation, subthalamic nucleus 



Fig S DiAGKAii or Regioxs or the Bbadt Whzse Matm Pathoeoqt is to be Focnd in 
* Gases or Paesinson’s Disease (Pasaeteis agitans) 

and red nucleus) are basal gangha closely related to the paleostriatum but they 
are not in the stnatum The thalamus is largely a sensory organ and the 
hiTiothalamus is a way-station for mtegration of vegetative motor impulses 
The eNtrapyramidal system consists of all the motor nuclei mentioned above plus 
the “premotor” cerebral cortex (areas 6 and S) (Fig 9 ) 

There is httle doubt that the rather selective mvolvement of the extrapj'r- 
amidal sj-stem causK the characteristic changes m posture and action seen m 
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ga^ e 'imple e\ idence of invo]\ ement of the e\tra-p\ ramiclal sjstem but the chmctcrof the 
lesion Has so confusing tint there is no possibilit\ of deciding the etiologic factors iihich 
produced the condition (Fig 6c and d and Fig 7a and b ) 


DISCUSSION 

An anah sis of the pathogenesis of paiahsis agitans should considei (1) the site 
of the lesions and (2) the chaiactei of the pathological piocess In the attempt 
to coil elate clinical sjmptoms Bith pathology of the biain, one should heai in 
mind the fundamental conception of Hughlmgs Jackson (23) that con elation of a 
sjTnptom AATth a lesion m the biam does not indicate the localization of function, 
but does indicate uhat the lemammg paits of the biain aie able to peifoini Hitli- 
out that mjuied legion It is as if one heais the sound of an oichestia change 
uhen theMolms diop out The a lolins alone ueienotiesponsiblefoi thefoimer 
tone coloi , but then absence allow ed the new timbi e to appeal The new set-up 
(Gestalt) not the absent a lolins is lesponsible foi the new sound Thus if in the 
motoi concert of the human physiology a tiemoi appeals aftei a local lesion, the 
centei eliminated bj' that lesion is definiteh' >w( the source of the tremoi 

In Figuie 8 aie indicated the main locations of lesions found in oui cases of 
pai alj SIS agitans One fact is obvious, the lesions do not mtei fei e aa ith the dnect 
tiansmission of impulses fiom the motoi cortex to the spinal coid All those 
pathwajs aaIucIi aie known as pyiamidal tiacts aie spaied This suppoits well 
the clinical obsei cation that pjiamidal signs aie laie in paiahsis agitans and 
confirms the idea of Paikmson that “the dictates of the will aie e\ eii in the last 
stages of the disease conc-eyed to the muscles ” The lesions found in parahsis 
agitans mA’ohe many nuclei of the biam and biam stem, especialb those col- 
lectiA ely known as the “basal ganglia ” Their function can be biiefl}* e\pressed 
as the moie automatic pait of motoi actmtA , that A\hich is nowadacs known as 
“extiapAiamidal ” Wilson (24) aptly teimed it the “old motoi sAstem ” The 
nomenclatuie is so confused that it is important to define hoA\ the names aie to 
be used Although the term is often lestiicted to the striatum onh , we beheAC 
that all the diencephalic and mesencephalic nuclei me oIa ed in these automatic 
motoi leactions ought to be mcluded undei the term “basal ganglia,” as follows 


Basal Ganglia Nomcnclalwe 


Fore-brain- 

Yticl-brain 


New striatum 
Old striatum 

Ha pothalamus 

Subthalamic nucleus (bode of Lins) 

Red nucleus 

Reticular formation (upper part) 

Substantia nigra 


Caudate nucleus r^, . 1 

I Putamen f 

I ,#»nTif»iTlnr r>iif»lpii55 * 

(Pallidum 


Lenticular nucleus 
Thalamus 


Striatum 


It is obA’ious fiom the OATilapping of the two biackets designating “fore- 
biam” and “mid-biain” that this is leaUc" an aibitiaiA distmction wathout much 
si<rnificance It is bettei to thmk smiph m teims of coid, bram-=tem, basa 
trangha and ceiebial coitev Reconstiuctions of the ganglia show that the puta- 
men and caudate are one continuous nucleai mass (“new stiiatum”) The pa - 
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rencolar sutetsuce of the midbiam are iniuned Tniii stimulation also anects 
the cosition o: the head and other lesser neSexes from deep muscles and body sur- 
faces cause the s-ornsl to take a posture eScient for arising. Along ttith this the 
eves tvo'ldng on midbrain mechransnis and m coordin.ttion trith the hindbrain, 
set un a train of reSex events vrhich brings a prone animal first to look up then to 
sit up and then to stand in quick and smooth sequence 

Toe highest level of the ' old motor system hes m the stnatum Alamnials 
with the cerebral cortex removed and the basal gangha mtact can walk rtm and 
even jump m an efiecnve thoiigb automatic way AH they seem to lack is m- 
iti.ative. spontaneitv and memory In other words they h.ave few raid rudi- 
mentary conditioned reSexes and do not react m the light of past experience 
Such an animcil is ab^e to go about but has no direction as to where to go except 
when immediate strong snmuh are apphed. A decomcate cat even when the 
stnatum is mjured can perform aU the locomotor functions so it is the lower 
basal gangha rather than the upper that must be concerned with simple loco- 
motion 

In man the situauon is even more complex At present chmcal cases alone 
give a clue as to the function of the human striatum. In other mammals experi- 
ments mdicate that the fimcnon of the striatum is to elaborate motor behavior of 
even the mom highly integrated types and thus make it smooth and eSective. 

Although the Kasai gangha may function well in decorticated mammals nor- 
mally they are closely connected with the ‘ extraovramidal part of the cerebral 
cortex This consists essentially of areas 6 .and S of Brodman (261 c.alled by 
Pulton (271 the ‘ premotor area. Area 4 is the well known unotor area recog- 
nized histologically by the prsence of the giant pyramidal cells of Beta The 
giant cells of area 4 send fibers mostly to the spinal levels of the opposite side 
( crossed pyramidal tract' 1 From the large motor cells m area 6 some fibers 
may run through the pyramidal tract to the cord but most of them do no^ go to 
the cord at all but stop at various levels m the basal gangha (Fig 9) Stdl 
others arising from ceils m area 6 go to area 4 Alost of the axons from the great 
Betz cells of area 4 go directlv to spmal levels passing through the pyramid of the 
medulla. In that sense they are truly pyramidal A smaller number of 
fibers largelv from the ‘ strip area between areas 4 and 6 go to basal gangha and 
hence are ‘ extrapyramidal In area 6 the situation is reversed most of the 
fibers go to the stnatum red nucleus or substantia mgra A few go down 
through the pyrannd to the cord 

Stimulation of area 4 caus» remarkablv local contraction m sm.ill muscle 
groups or even single muscles In area 6 electrical stimulation results m much 
more complex slow, {xistural movements mvolvmg more muscle groups Le- 
sions m area 4 u small and away from the stnp area can cause fiaccid paralysis 
m monkeys lesions m the pyramid of the medulla may have the same efiect 
This can be explamed by postulitmg that smce no fibers to basal gangha are cut 
no postural mechanisms are released to cause exaggeration of jKJStural refiexes 
(spasticityl When however, area 6 is injured extrapiTaniidal fibers are m- 
temipted (cortico-striate cortico-rubral cortico-nignil, cortico-pontilc tracts) 
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patients afSicted with paralysis agitans In order to understand the phjsio- 
pathologj’^ of this region, it is necessaiy to describe the anatomy and phj^siolog)' 
in more detail 


Physiological Anatomy 


Neurologists used to descnbe the motor mechanism as consistmg of two lei els 
the spmo-muscular (or “lower motor neuron”) and the cortico-spmal (or “upper 
motor neuron”) - This maccurate simplification has led to much misunder- 
standmg, for such a conception of the thousands of motor neurons dinded into 
“upper” and “lower” is like conceivmg of an army organized only with generals 
and privates It w ould be a jerky, mcoordmate organization at best Smooth 
function IS brought mto the locomotor mechanism by the s 5 ’^stem of automatic 
centers that subsenm the functions of ansmg (nghtmg reflexes), standmg, (pos- 
tural reflexes) and automatic gait These centers are the colonels, majors, cap- 
tams and sergeants, overlooked m the duahstic conception They make up the 
“old motor S 3 "stem” that sends coordmatmg messages to the motor cells of the 
cord and “final common path ” These are just as essential to smooth runnmg as 
the more direct messages from the headquarters of the “new motor sj'stem m 
the cerebral cortex 

It is obnous that one must arise before he can stand, must stand before he can 
walk, and must wmlk before he can go from place to place Thus the takmg an 
mamtenance of postures are fundamentallj’’ important motor functions In t e 
spmal cold there is httle postural actmt 5 % but the more highlj' mtegrated spina 
movements do have simple elements of posture held for a short time if the stun 
is mamtamed In the hmdbram are important postural mechanisms wine 
cause slow and prolonged muscular responses Chief among these is the vesti u- 
lar apparatus This mamtams a steady contraction of the antigra\aty musete, 
and holds man m his standmg position by ex-tension of the ankle, extension o t e 
knee, extension and adduction of thigh, ex-tension of spme and head, with 
ate flexion of wnst and elbow, adduction of the arms and flexion of jaw Mo 
fications of this standmg position maj^ be brought about bj" the neck re exes^ 
These have as their afferent stimuh the propnoceptive impulses from the muse es 
of the neck mneiwated bj^ the upper cemcal and the spmal accessorj’^ neives 
Thus anj"^ change m position of the head m relation to the body causes impor an 
changes m the posture of the limbs (25) For example, if the head is rotate so 
that the chm is toward the left shoulder, the left arm and leg ex-tend, and the ng 


Wheieas antigramty reflexes and modifications of them by posture are con- 
trolled largely by the hmdbram, true standmg and nghtmg reflexes ^ ™ 
largely from the midbram (subthalamic nucleus, substantia m^a, r ^ 
and reticular formation) For example there is the reflex 
mimal (even when bhndfolded) to keep its head rotated m space so that the e}^ 
the homoatal Tte refla, B lost ^ the veaftbolar nude, or <h. 

= For 3 more detailed description see Cobb, S 
III from which this abbrenation is taken 


Foundations of K^curopsychiairy, Chapter 
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example, "spasticity,” “ngidity,” and “flaccidity” are not used to mean the same 
tiling by the different authors These have been defined above (see page 97) 
Another term that contmuaUy disturbs scientific exposition because of mac- 
curate defimtion is “mhibition ” Usually it is taken to mean suppression of a 

Pre central 



Fig 10 SEMiDiAGRAmiATic Repsesext^tiox of the Motor Stsxeii ix MLvx to Show 
A xiTOMicvL Relation Xot Bkoeght Otrr nr Figure 9 

There are trco mam paths for motor impulses from the cortex to end-pool the “py- 
ramidal” and the “extrapyramidal” Evstems The former is a direct, uninterrupted, 
crossed connection betrveen cortex and spinal motor centers, the latter is a system of short 
connections betrceen cortex and medulla, an intercalated s\ stem of several centers R The 
reticular formation (cf fig S) is here shown onli at one lei el 

function and, m neurologj', suppression by means of nerve impulses unpmgmg on 
actite neurons and decreasmg their expression m effector organs (2S) The 
ongmal meaning of the word is “to bndle ’ or control, as when one is controllmg a 
horse tnth bit and rem It does not mean to merely suppress, but also to guide 
In this sense it almost exactly expresses the function of cerebral cortical neurons 
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releasing postural reflexes with increased muscular ngiditj' f27 ^ True snashatr 
occurs when both areas 4 and 6 are injured. The common lesion in mav is an 
e.' tensive one mcludmg parts of both areas 4 and 6, so the functional iBsult is a 
spastic hemiplegia Thus “pjTamidal” meanmg “cortico-spinal and “extia- 
pjvamidal” sigmfjdng tracts from the basal ganglia, are terms that are no longer 



Fro 0 DiAGSAii or Corwzcno’rs or CoEria: '.vd Bisai Gai-'gi.ia 

Bl/ict Unet P.'ianuiil tracts from corte" to soinal antenor horn cells Brol^n 
Motor path'^ars from corter to spinal cord passing through -'anous centers of the "esrra- 
pi-rami dal ” s; stem € Premotor area of cortcr 4 Motor area in coneia C CsudavC 
nucleus P Putamen (7P Globus pallidus T Thalamus S Suhthalamic nucteus 
B Xncltcs TuhiT ,?,V Substantia nigra BiltcidaTi? Column of motor cells in brain 
stem from mid-brain to upper co-d, forming the “substantia reticulans” or “reticular 
lormation ” 

permissible (27), because the e'Trapi-ranudal system is well represented in the 
cerebral cortex. 

The ditScTilties that arise m the discusnon of pyramidal and extrapiTamidal 
paralysis are parth' due to the lack of deSmte usages of words Xot only is lImtc 
divergence m anatomical nomenclature, but cliiucal terms are used loosely For 
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understood only on the \nevr that they contam elements belongmg to the cortical 
centers ” 

With this pomt of new we agree Xew endence (30) available smce IWlson 
wrote this passage mdicates that the function of the striatum is, pnmanlj-, to 
elaborate the simple motor and postural mechanisms of the bram stem mto 
complex automatic motor behanor, and, secondly, to take over highly mtegrated 
movements from the cortical motor centers when they have been thoroughl}* 
learned (31) 

The disorders of the extrapj-ramidal S3'stem which are commonly mentioned m 
association with paralj'sis agitans are Huntmgton’s chorea and Wilson’s disease 
Both diseases have lesions m the caudate nucleus, putamen and globus palhdus 
and both (like paralj’sis agitans) have mvoluntarj* movements, but the analog}* 
ends here The common conception that “extrapyramidal” and “stnatal” are 
identical terms is not supported bj* anatomj* and phj-siologj* (see page 111) 
The localization of paralj-sis agitans as a stnatal disease, therefore, is based more 
on analog!* than on defimte evidence 

Choreatic movements are jerkj*, quick, purposeless movements which occur as 
h!*perkmetic phenomena durmg rest and as mtemiptions of coordmated motions 
m action The patient is unable to mamtam a certam attitude for am* length of 
time, his abditj- to make smooth controlled motions is impaired, the movements 
appear exaggerated, jerkj* and impulsive Relaxation, not ngiditj*, is the condi- 
tion of the neuro-muscular system associated with Huntmgton’s chorea as well as 
with Sjdenham’s chorea, no changes m posture and no tremor are obsen*ed, m 
short, the chmcal picture is quite different from that of paralj'sis agitans One 
would not expect the lesions to have similar locahzations As a matter of fact, 
Huntmgton’s chorea shows the most marked lesions m the neostnatum The 
caudate nucleus and putamen are reduced m size and show cellular atrophi* 
The lesions are, howei er, not entireh* restncted to this area and mvolvement of 
the frontal cortex is mvanabh* found (32, 33) Huntmgton’s chorea occurs m 
patients who are bej'ond 20 I'ears of age, mostlj* between 30 and 40, who have 
prenouslv acquired normal motor control The chrome degenerative process 
graduaUi* depm es the patients of their learned motor control but gives them 
ample opportunitv to develop some compensator}* mechanism to partly replace 
the lost functions 

In Wilson’s disease (progressive hepatolenticular degeneration) the patient 
suffers from mcreasmg rigidity, suppression of normal motility with appearance 
of mi oluntari* moi ements and outbursts of laughmg The mo\ ements are un- 
steadi and associated with mtention-tremor The face becomes mask-hke, the 
! oice inarticulate and mastication is diflScult The onset is much earlier than in 
Huntington’s chorea, mostly m the second decade, but the patients had pre- 
nouslv established motor control and appeared normal The striatum is m- 
voh ed, the lesions consistmg of parenchimial degeneration with cant}* formation 
and some gha prohferation The site of the lesions is especially m the putamen, 
the pallidum is usually im oh ed and the caudate nucleus is more or less spared 
Although Wilson’s disease shares with Himtmgton’s chorea the in\ olvement of 
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on lower centers Tins is because the higher’ mechanism adds something nen to 
the fimctional result , the movement mnen ated is more skillful, more perfect 
In Older to do this it must suppress certam parts of the functions of lower centers, 
but it also elaborates and guides bj"^ means of bemg m closer touch with the as- 
sociative elaborations of the cortex Unfortunatel 3 ’’, however, the word has come 
mto general use as meanmg suppressio/i, so v e shall give it up vhen speakmg of 
neural motor mechanisma and substitute the word "control ” 

Fmall3' can summanze the function of the extrap3Tamidal s3'^stem as fol- 
lows, Fig 10 Cortical aiea 6 is the highest level and controls both the striatum 
and to some extent cortical cells m area 4 The neostnatum elaborates and 
smooths out the coarser motor mtegrations of the paleostriatum These in turn 
control the pnmitive walkmg reflexes of the subthalanuc legion (29) which make 
use of the nghtmg reflexes of the midbram nuclei and the antigrai'it 3 ^ reflexes of 
the hmdbram, largel 3 ' from the lateral x'estibular nucleus of Deiters The lovest 
level IS, of course, the spmal, where all the extrap3wamidal impulses (runnmg 
down the vestibulospmal, reticulospmal and rubrospmal tracts) reach the 
“motor pool” about the x entral horn cells and exmntuall 3 ’' discharge along the 
final com m on path Exmn this surQmai 3 ’^ is not entirel 3 ' accurate because a few 
“e.xtrap3Tamidal” fibers come from area 6 and, joinmg those from area 4, traxel 
down through the P3Tamids of the medulla oblongata and hence are “p3Tanudal” 
(See Figs 9 and 10 ) 

Clinical ConsideraUons 

In comparing the vanous clmical s 3 mdromes related to disease of the basal 
gangha, there appear fimdamental differences Kinmer Wilson (24) has re- 
peatedl 3 ^ emphasized three postulates that histological lesions which are recog- 
nized as destructix'e onl 3 ^ explam loss of function, that m the case of multiple 
lesions, none must be neglected regardless of their seemmg unimportance, and 
that the localization of a s 5 Tnptom is not the same as the localization of a func- 
tion He further pomted out that “It is a prion highly improbable, and contrary 
to the dictates of common sense, that motor phenomena so conspicuous^ dn erse 
and of such var 3 ’mg complexit 3 ’- as m 3 mclonus, tremor, athetosis, chorea, tics, 
brad 3 ^kmesis, torsion-spasm, micrographia and pahlaha, should one and all be set 
down to disorder of stnatal function When we remember the histological 
simphcits’^ and comparatn e structural homogeneit 3 '’ of the corpus stnatum, m 
contrast with the greater dimensions, much more mtncate C3'to-architectonic 
complexit 3 ’, and far wider connections of the rolandic motor cortex, the idea of at- 
tnbutmg aU these disturbances to stnatal disease, and of crow dmg corresponding 
“centeis” into that ganglion, becomes nothmg short of ludicrous Consider- 
ation of the mtrmsic clmical features of some of the motor disorders put down to 
stnatal dysfunction proves that under no cucumstances can the 3 ’^ be concen ed o 
as resulting from defect or destruction of identical or similar mechanisms, or 
while some are ph 3 'siologicall 3 ^ of a high order, others are of a low Some can e 

s “Higher” meaning more complex and more cephalad in the hierarchy of motor reflex 
levels 
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to 7 per second The substantia mgra can be ruled out as a source of tremor be- 
cause it IS the nucleus most commonly destroyed, the subthalamic and red nuclei 
can also be ruled out because they are frequently pathological m cases of paral- 
ysis agitans 

For a better understandmg ive may consider some chmcal and physiological 
observations The typical Parkmsonian tremor ceases m sleep and m complete 
relaxation and seems to disappear nhen a vohtional motion is everted Between 
rest and action, the normal person everts innumerable muscular tensions and 
mconspicuous movements which adapt him to the various postural conditions of 
his equihbrium and to the various conditions of his surroundmgs They are 
necessary to prepare the proper position for any response m action Observa- 
tion of normal people convmces one that a person when awake is never at com- 
plete rest and that the condition of consciousness is normally associated vnth m- 
niunerable motor actions Several chmcians have emphasized the fact that the 
Parkinsonian panent, except for his tremor, is immobile m an extraordinary way 
He avoids movmg or changmg his position , he is remarkably slow m adaptmg to 
any shift m his equihbnum As restlessnes is accumulated the tremor m- 
creases, and it become more conspicuous before a vohtional motion “breaks 
through ’ In the moment of action the tremor disappears, but the action itself 
is abrupt and not properly controlled often the motor output is greater than 
mtended 

The tremor is not really a “hyperkmesis” occurnng at rest (like choreatic 
movements) , it is the only explosion of acbvity of a patient who otherwise ap- 
pears motionless and statuesque The tremor mcreases the more restles and 
tense the patient becomes it is all the motion the patient has until he breaks 
through with a voluntary' movement The tremor represents a “markmg time” 
that disappears m action Essentially the patient with paralysis agitans is 
/iypokmetic 

ISormal contraction m striated muscle is a tetamc phenomenon Eapid nerve 
stunuh at 50 to 100 per second reach a muscle fibre and it contracts steadily for a 
short tune accordmg to the laws of summation, all-or-none response and re- 
fractory penod !Many mdividual fibres are stimulated at different tunes , as one 
relaxes others contract and take up the load The result is a smooth, sustamed 
contraction of the whole muscle A large surface electrode wiU pick up action- 
potentials from a contractmg muscle that have a rate of over 100 small spikes per 
second often faUmg mto a rhythm of about 50 larger waves per second It is 
only under conditions of abnormal innervation that this tetanus is broken down 
mto an mteirupted dome contraction (36) 

Insight mto the character of the Parkinsonian tremor has recently been given 
bi Hoefer and Putnam (37) who studied action-potentials m the trembhng 
muscles ‘The electromyogram of tremor consists of rhi-thmic bursts of spike 
potentials with electncaUy mactive stretches between Each burst of spikes 
corresponds to one phase of the tremor moi ement The free mterval mav last 
twice as long as the burst of spikes The rate at which the tremor occurs is on 
the whole surpns’ngh regular and uniform for a given patient m different muscle 
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the putamen, the character and evolution of the lesions is entirety difierent 
This may account for the entirely different clmical picture, but there are also 
differences m localization as v ell as similanties 

It is obnous that paratysis agitans has several symptoms m common with 
Wilson’s disease As far as slow motion, mask-hke face and ngidity are con- 
cerned, the differential diagnosis of juvemle cases of paratysis agitans and 
Wilson’s disease ma 3 ’’ be difficult The mam point of differentiation is the tj’pe 
of tremor, which is an mtention-tremor m Wilson’s disease, while the tremor of 
paratysis agitans is generallj^ referred to as “restmg” tremor The pomt is m- 
deed weU taken Parkinson, he put much emphasis on the character of the 
shakmg palsj’’ and made this sjTnptom the head-Ime of the morbid entity The 
tremor is not onty the most conspicuous s 5 Tnptom but is of such particular 
character that it is necessarj'^ to anaty ze it m more detail 

Parkinsonian Tremor 

Parkmson emphasized the contrast between tremor during volitional motions 
and the tremor of paralysis agitans which he called “restmg tremor,” but analysis 
shows that the term “restmg tremor” is not correct jWoreover this conception 
of “restmg tremor” has misled later mvestigators to consider the tremor as a 
“hyperkmesis ” If tremor were a “hj^erkmesis,” it would be hard to under- 
stand from what source it comes, unless we assume a cortical “irritation ” Such 
a process is entirely improbable m a chrome disorder that goes on for years If 
tremor were a release phenomenon of lower centers, we would have to assume 
that the lower centers m the bram stem have a rhydhmic altematmg discharge 
Pormerly^ neurologists and physiologists have postulated such rhythmical dis- 
charge from rhombencephahe centers (34) explainmg the slow rhydhin as a re- 
lease of the lowest form of ancestral vertebrate motion, the steadj'^ trunk and fin 
movements of fishes Recent physiological experiments do not support this 
supposition, and at best it was a speculation If we asenbe tremor to rhj’thmic 
discharges of mechanisms of the basal gangha, these discharges must become 
pathological either by'^ stimulation (duect uritation), bj*^ release of motor mtact 
mechanisms or by disorganization with a new configuration that results m 
tremor The untation theory can be ruled out on the same grounds as uritation 
of the cortex, i e , chromcity If tremor is due to a release of certam basal 
gangha by lesions at a higher level, there w ould have to be certam nuclei that 
were always found mtact and free from lesion m cases of tremor It is obnous 
that a tremor lastmg for ymars cannot come from some motor nucleus that is 
knocked out by a lesion Ivo nucleus m the basal gangha is alway^s free from 
pathological change m cases with rhj-thnuc ti emor 

In acceptmg the release theoir^ one would consider the four nuclei at the lower 
level as a reasonable source of tremor — substantia mgra, red nucleus, su - 
thalamic nucleus and nuclei of the reticular formation The latter are large 5 
rhombencephahe and have many fimctions, so reticular nuclei cannot be me 
out as a possible soiuse of tremor, but much electrographic work has been one 
on this region (35) and no rhji;hins have appeared at the Parkmsoman rate o o 
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Location of the Lesions 

Pathological examinatioii reveals severe lesions m the substantia nigra and 
■wide-spread damage to all those centers vrhich we have defined as composmg 
the system of basal gangha Our pathological material also mdicates that no 
case of paralysis agitans is -without mvolvement of the cerebral cortex, especially 
the frontal areas and area 6 This fact is well recognized for the cases of post- 
encephahtic paralysis agitans, our own mvestigation and several other pubhca- 
tions (see Chart 2, page 103) mdicate that the same is true for Parkinson’s disease 
The profound patchy demyehnation of the frontal lobes, the status lacunans 
seen m the white matter, the patchy degeneration of nerve cells, the atrophy of 
convolutions and the fibrotic thickenmg of the leptomemnges m man 3 ' cases 
overshadow the lesions seen m the basal gangha Certainly one is not 
justified m puttmg great significance on one group of lesions and disregardmg 
those found m other locations It is such unfair emphasis that upholds the 
theory that the basal gangha produce tremor and that the whole picture of extra- 
pyramidal dyskmesia is due to a lesion m this region alone 

As we prenously emphasized it is important to consider the parts which re- 
mam normal and are therefore able to mamtam functional actiinty Tlicro- 
scopic exammation of the brain confirms our theorj* of the mtegntj- of the motor 
cortex with its Betz cells This explains why paralysis agitans rarely occurs 
m the common senile degenerations m which the cortex is most heanly mvolved, 
because m paralysis agitans the motor cortex ought to be fairly well prserved 
In Parkinson’s disease, artenosclerotic alterations of the cortex are almost ab- 
sent, a fact which attracted our special attention and is also mentioned by 
Spatz (21) It seems probable that the tremor of paralysis agitans can only 
occur when the motor cortex is largdt' mtact Accordmg to our analysis, the 
tremor of parali'sis agitans is due to a condition m which the lesions are neither 
so widespread as m some semle diseases nor restricted to any smgle center like 
putamen, palhdum or substantia mgra If we are nght m considenng hj'per- 
synchronization of motor neive-impulses as the physiological explanation of 
the tremor, then the anatonucal explanation would seem to be as follows Area -1 
and the pj-ranudal tract must be functionmg well, area 6 and the basal ganglia 
must be partially destroyed but not wholly In other words cuttmg out some 
of the extrapj-ranudal control is necessaiy for the genesis of the tremor, cuttmg 
out a large part of it suddenly (Kiemme's operation 39) stops the tremor tem- 
porarily , cuttmg out most of the control by sectiomng the ansa (Ivlj er’s opera- 
tion 40) seems to stop the tremor permanentlv m certam cases It is probable 
that certam of the basal gangha are more important than others m this connec- 
tion but the data are as vet msufiicient to justify specific localization 

In summanzmg the problem of localization one can pomt out that paralysis 
agitans is an extrapiTamidal disorder mi olvmg the large group of centers and 
fibre connections which subserve the numerous automatisms essential to normal 
motor performance , they mtegrate skilled motor acts and locomotion and stabilize 
posture Because of the extent and the state of high differentiation of the extra- 
pivamidal wstem, there are eien more lanations m symptomatology amongst 
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groups and at different tunes, months apart ” The average rate m this long 
senes of cases was 5 5 per second with a range roughly from 4 to 8 per second 
If the action potentials of voluntary’- movements of Parkinsonian patients are 
studied, they re\eal essentially the same pattern “Instead of a continuous 
sequence of taU spikes the action potentials are grouped m buists at a rate of 
about 6 a second, nhile smaller potentials apparently keep up the contmmt) 
of mneiwation between them In some cases the contmuous sequence is 
abolished and replaced bj' discrete bursts of spike potentials separated hi 
stretehes of electncal mactmt 3 '^ ” The studies of Hoefer and Putnam also 
shoved that voluntarj'^ innen^ation produces electncal actmty in antagonist 
muscles This secondary actmtj' may become almost as strong as the pnman 


activity accompanj^mg the active effort m the protagomsts 

Most important of all is the S 3 mchromzation of nerve impulses which occurs 
m paratysis agitans Hoefer (38) pomts out that if one has normal muscular 
reaction and smooth movement, the impulses are out of phase Three electrodes 
registenng m one muscle will show non-s 3 Tichronizmg impulses, but the muscle 
as a vhole has smooth contraction because there is a smooth alternation of units 
In paralysis agitans this altematmg action is abohshed and electrodes in different 
pomts of the muscle register electee actmt 3 ’^ at exaetb^ the same tune, abnonna 
s 3 mchronization of motor impulses has taken place 
In theu discussion Hoefer and Putnam expressed the behef that “the tremor 
impulses are conducted along P 3 uaimdal tracts ” We would prefer to say tha 
the impulses which cause tremor are conveymd through the pyranudal trac ^ 
The impulses are not abnormal, theu tunmg is at fault This observation offers 


a ke3' for a final understandmg 

Our explanation can be expressed as follows In the Parkmsoman tremor t ose 
cortical impulses which are conveyed through the p3uanudal tracts reach t e 
“end-pool” while the discharges conveyed through the extra-pyramidal pa * 
ways (which distnbute the phasic innervation and guarantee smoothness o 
action) are out of order The tremor is due to the fact that transmission o e 
motor nerve-unpulses is reduced and simplified to the primitive pattern 
chromzed innervation, altematmg m antagonistic groups of muscles 
results m to-and-fro motion while the multidimensional stabihzation m space 
IS lackmg Thus Parkmsoman tremor is due to a diffuse disorgamzation o e 
extra-p3uarmdal motor mechanism causmg a nev configuration of motor pa ^ 
with a primitive type of function The long cortico-spmal fibres are large 3 
mtact, the mtemuncial paths between cortex and spmal cord are damage 
The cortex is par% deprived of its stnatal connections, which pla3'’ an unpor an^ 
part m distnbutmg motor actmty, and spmal centers are partly deprive o 
theu connections with theu higher regulatory centers 

To corroborate this theory of the pathoph3’-siology of Parkmsoman trem , 
one would expect to find at autops3^ ( 1 ) a relatively well presen ed motor co ex, 
("21 well presented motor centers m the spmal cord, and ( 3 ) lesions m the ex 
P3uamidal s3^stem We will see that our pathological study is well m fine m 


this theors' 



PATHOGEXZSIS OF PAFLAiYSIS AGITYN& 


125 


Location of the L-eswns 

Pathological exammation reveals severe lesions m. the substantia nigra and 
vide-spread damage to all those centers vhich vre have defined as composmg 
the system of basal gangha Our pathological material also mdicates that no 
case of paralysis agitans is vuthout mvolvement of the cerebral cortex, especially 
the frontal areas and area 6 This fact is well recognized for the cases of post- 
encephahtic paralysis agitans, our own mvesbgation and several other pubhca- 
tions (see Chart 2 page 103) mdicate that the same is true forParkmson’s disease 
The profound patchy demvehnation of the frontal lobes the status lacunans 
seen m the white matter, the patchy degeneration of nerve cells, the atrophy of 
convolutions and the fibronc thickenmg of the leptomemnges m many cases 
overshadow the lesions seen m the basal gangha Certainly one is not 
justified m puttmg great significance on one group of lesions and disregarding 
those found m other locations It is such unfair emphasis that upholds the 
theory that the basal gangha produce tremor and that the whole picture of extra- 
pyramidal dyskmesia is due to a lesion m this region alone 

As we previoiuly emphasized it is important to consider the parts which re- 
mam normal and are therefore able to maintam functional activitt* Micro- 
scopic examination of the bram confirms our theory of the integrity of the motor 
cortex with its Betz cells This explains why paralysis agitans rarely occurs 
m the common senile degenerations m which the cortex is most heavilj- mvolved, 
because m paralysis agitans the motor cortex ought to be fairly well preserved 
In Parkinson’s disease, arteriosclerotic alterations of the conex are almost ab- 
sent a fact which attracted our special attention and is also mentioned by 
Spatz (21) It seems probable that the tremor of paralt^ agitans can only 
occur when the motor cortex is largely mtact Accordmg to our analysis, the 
tremor of paralj'sis agitans is due to a condition in which the lesions are neither 
so widespread as m some senile diseases nor restricted to any smgle center like 
putamen, palhdum or substantia mgra If we are nght m considermg hyper- 
stmchronization of motor nerve-impulses as the phj-siological explanation of 
the tremor, then the anatomical explanation would seem to be as follows Area 4 
and the pyramidal tract must be functiomng well, area 6 and the basal gangha 
must be partiaUj* destroyed but not wholly In other words cuttmg out some 
of the extrapjTamidal control is necessary for the genesis of the tremor cuttmg 
out a large part of it suddenly (Klemme s operation 39) stops the tremor tem- 
poranlv, cuttmg out most of the control by sectiomng the ansa (Myer’s opera- 
tion 40) seems to stop the tremor permanently m certam cases It is probable 
that certam of the basal gangha are more important than others m this connec- 
tion but the data are as yet msufiicient to justify specific localization 

In summanzmg the problem of localization one can pomt out that parali-sis 
agitans is an extrapwamidal disorder mtolvmg the large group of centers and 
fibre connections which subsen e the numerous automatisms essential to normal 
motor performance they integrate skilled motor acts and locomotion and stabihze 
posture Because of the extent and the state of high differentiation of the extra- 
piTinudal cistern there are even more vanations m svmptomctology amongct 
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the evtrapjTaimdal disorders than among pjTarmdal disturbances In regarding 
such a complex chnical pictuie as paralysis agitans, one should expect from 
the very begmnmg that numerous sj'stems would be m\ olved Our pathologic 
studies and sur\’’ey of the hterature offer ample endence that this assumption 
IS true In all the cases of paralysis agitans v e have seen lesions are distnbuted as 
shown m Fig 8 but mentionmg also the locus caeruleus, the tegmental region, the 
dorsal vagus centre, and parts of the temporal cortex The combinations i arj , 
but there is not a smgle well studied case m the hterature where one lesion alone 
could explam all or even most of the disorder Whene% er an author gn es such 
overemphasis to one center, there is endence that he tned to force the facts 
mto a scheme by neglectmg others 'nhich did not fit mto his prejudiced concep- 
tion Recent papers have confirmed the obsenmtion that the substantia nigra 
IS not onlj’’ affected m postencephalitic paral}'sis agitans but also m Parkinson’s 
disease Nevertheless those papers do not prove that lesions in other centers 
are of no significance The authors do not take mto consideration the piob- 
abfiity that it is the varjung combmation of lesions, rather than the defect of a 
smgle center, which produces the vanation m symptomatology Moreoier 
some of them do not seem to realize that the syndromes are not the direct product 
of one lesion mjurmg a motor nucleus, but arise from the combmed attempt of 
the remainmg normal nuclei to approximate a useful motor function 


Nature of the Pathological Process 

Alost of the pathological studies deahng with paral3'sis agitans haie dwelt 
almost exclusivelj^ on the locahzation of the lesions, little attention has been cen- 
tered upon then character Yet there is evidence that even with identical 
locahzation the effect of a lesion may be quite different accordmg to the char- 
acter of the process and the degree of acuteness or chromcity Of the eight 
cases which we have described, only one (case ^ 5) had a definite histor}' of 
encephahtis This case is of mterest because it demonstrated so well the fact 
that m chrome encephahtis the vascular lesions may be of most importance 
while the proper signs of inflammation, although present, may be of minor con- 
cern These vascular lesions consisted of enlargement of the penvascular spaces 
and penvascular necrosis In parts of the cortex vascular congestion with 
stagnation and relaxation of the v'essels seems to have led to a vancosis m sei eral 
convolutions The vancosis appeared as a most extreme degree of the status 


lacunans which was to be found m manj"^ sections of the brain 

Although m case 6 there vas no histor}'- of an encephahtis, the pathologies 
picture mdicated an mflammatoiy bram disease with the same profound effect 
upon the vascular sj'stem and resultmg penvascular necrosis For there two 
cases, we maj’’, therefore, accept the etiologj’’ of an encephahtic process and bot 
cases would go under the headmg of postencephahtic paratysis agitans 

It IS also known that artenosclerosis under certam conditions ma5^ produce 
the picture of paiaRsis agitans In some mstances m the hterature (41) t e 
history mdicates that the sjTnptoms did not dei elop before a general arteno- 
sclerosis took place and the course of the disease mdicates the dependence on an 
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artenosclerotic malHatrition. of the bram Hopt many cases of Parkinson’s 
disease fall into the group is hard to detemnne In many cases the onset of 
the disease seems to have occurred long before arteriosclerobc alterations de- 
veloped As early as 1912, P H Leuy* pomted out that even the presence of 
arteriosclerosis of the brain at the time of death did not prove the significance of 
artenosclerosis for the genesis of a condition, the be ginnin g of which may have 
occurred ten or fifteen years before death Frequently one is surprised to see 
how httle arteriosclerosis is present m the brain of patients with shakmg palsy, 
although the general pathologist may have reported some sclerosis of the vessels 
of the body organs 

Our observations suggest that m some cases of “arteriosclerotic paralysis 
agitans” vascular changes m the bram have been mistaken for artenosclerosis 
It IS worth while to notice that the perivascular calcification, which was seen 
m several instances m our material, occurred only m the globus paUidus, was 
located m the adventitia and consisted of rmg calcification or deposits of calcium 
corpuscles m the penvascular spaces The picture is entirely different from 
what IS generally recognized as artenosclerosis of the vessels As early as 1894, 
Redhch was qmte defimte m his conclusions that those vascular changes which 
he observed m the spinal cord represented an endo- and penartentic process 
and not “senile” changes In our matenal, case 1 falls mto the group of sende 
paralysis agitans which develops toward the end of the sixties The bram showed 
generalized degenerative and ^otic alterations with vascular sclerosis 

YThatever these vascular changes are, there is no doubt that alterations of the 
vascular system form an impressive part of the pathology. It is of mterest to 
mention that Vogt considered the “status dismtegratioms” m coimection with 
the formation of lacunae as so tiqiical of paralysis agitans that he wrote “status 
dismtegratioiiis or paralysis agitans ” Although Ramsay Hunt felt that C and 
0 Vogt have placed too great stres on the “^tat cnbld” and “4tat precnbl4” 
in the causation of paralysis agitans, many other mvestigators were impressed 
by the vascular changes Bielchowsky (42) wrote that of decisive importance 
for the pathogenesis of paralysis agitans “are m my opinion the alteratioiis of 
the vascular system and the destruction of the parenchyma dependmg upon 
them ” McDonald Chntchley (43) emphasized that the dtat cnble and the 
lacunae of cerebral dismtegration are the best illustrations of the disemmation 
of small lesions with mtegnty of the mten'enmg structures 
V ilson (44) has offered m his text book a chart demonstratmg the frequency 
of paralysis aptans accordmg to age 
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For the 3’'ounger age groups mentioned by Wilson, one wonders how man} 
cases would turn out to be of encephahtic origin if an autops}^ study were avail- 
able m the first 3'ears of development of the gnnptoms j\Iost pathologists 
who studied cases of paralj'sis agitans m the 5’'ounger age group came to the 
conclusion that thej’ were deahng with a post-encephahtic condition The 
cases of Hunt and van Bogaert wiU be discussed later 

In our own material, the j'oungest case with no historj' of encephahtis died 
at the age of 49 (case 4) The peculiar findmgs m the cortev, globus palhdus, 
putamen and caudate nucleus which showed some round ceU infiltration, pen- 
vascular calcium deposits, ependjumtis and margmal ghosis were similar to 
changes seen m cases o and 6 and suggested encephahtis as a causative factor 
One certainly would not consider this case as a merely degenerative process 
The same is true for case 8 who died at the age of 60 but developed s3Tnptoms 
at the age of 50, and case 7 who developed symptoms at the age of 40 In case 2 
the onset was reported at the age of 51 In these cases the alterations were 
compatible with mflammatoiy or tovic agents and there was no mdication of a 
mere senile process, nor were the findmgs sufficient to justif3’' the diagnosis of 
a heredo-degenerative, “abiotrophic” process 

Several observations, however, mdicate that Parkinson’s disease ma3’’ dei elop 
without encephahtis and the conception that ever3’' case of Parkinson’s disease 
represents a chrome encephahtis is not justified Lundborg (45), m 1912, 
collected matenal of a Swedish fainil3’- with m3'oclonus-epiIeps3’’ There were 
8 cases of chrome progressive paral3’Bis agitans related to 17 patients with mjo- 
clonus-epileps3', a percentage of paral3'sis agitans incidence which certainly 
deseives attention In one branch of the fainil3% paral3-sis agitans was found 
m the grandfather, father, and son 

Hart (46) found a hereditary' factor m 16 per cent of his matenal of 219 cases 
Collins and IMuskmes (47) also reported hereditar}' factors m paralj’Sis agitans 
In 1930 Ferdmand Kehrer (48) gave an elaborate review of the hterature of 
famihal mcidence of parah'sis agitans Eleven authors hai e reported paralj'sis 
agitans m sibhngs IMedea and Clence m 1898 obsen ed paral3'sis agitans m 4 
siblmgs of 10 SpiUer, Jackson, and Immermann, m 1916 and 1919, reported 
the mcidence of paral3'sis agitans m 4 brothers Twentj'-one authors reported 
paral5’’sis agitans m several generations, the highest mcidence reported m Runge a 
paper m 1924 with the disease present 7 times m father and son among 
53 patients 

These observations are suggestive of hereditary' factors and have led some 
authors to postulate a heredo-degenerative paraly'sis agitans Unfortunatel} , 
there are no reliable post-mortem studies available of cases which had a defimte 
history' of famihar mcidence and died m earh' life 

The conception of a juy emle paral3'sis agitans was mtroduced by Wilhge (49) 
m 1911 This author reported a case which dei eloped at the age of 22, he gay e 
a reynew of cases of juvenile paiaR'sis agitans m the hterature These cases, 
however, were not studied well enough to render defimte mformation The same 
IS unfortunately true ynth Ramse5'-Hunt’s (15) obsen'ation He reported m 
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19 17 a patient ivliose tremor of the left foot started at the age of 15 The tremor 
gradually mcreased and mvolved later the other side At 23, tremor of face, 
tongue, and eves, and general dysarthria irere obsen'ed Death occurred at the 
age of 40 The pathology yas, m Hunt’s opmion, confined to the corpus 
stnatum yhere he found merely a degeneration of cells Another case of that 
type yhich began at the age of 7 years yith tremor of the left arm, extendmg 
later to the left leg, is reported by van Bogaert (50) At the age of 12 years 
the tremor mvolved the right side Later the vrhole body shook At autopsy 
pathology yas foimd m the globus palhdus In the caudate and putamen 
there yere some alterations but httle yas found m the substantia mgra 

Although these 2 cases of juvenile paralj-sis agitans have attracted consider- 
able attention, the cases yere not yell enough studied to stand criticism This 
problem should be mvestigated further and only a thorough genetic, chmcal 
and pathologic study of cases of juvenile Parkinson’s disease yill brmg the solu- 
tion of that question 

Prom observations on "Wilson’s disease, a close relationship betyeen hver and 
stnatum has been postulated (51) Eecently reported observations on brains 
of children, yho died several years after havmg erythroblastic anemia, have 
produced endence of a stnking bleachmg of the globus palhdus, due to demye- 
hnation and fibre degeneration (52) One must, therefore, consider that toxic 
metabohc substances may mvolve the extra-pj-ramidal sj'stem and produce a 
precocious and selective degeneration 

"Whether the localization of the lesions and their character are the only factors 
m producmg the paralysis agitans sjuidrome or yhether it may occur only m 
persons of a certam psii'chological tj-pe is a question yhich has attracted some 
attention For an obvioush" motor disease it has produced a good manj* psycho- 
logical speculations As early as m 1910 at a meetmg of the Xey T'ork Neuro- 
logical Society to yhich ye have referred previously (9) the expression yas used 
“The Parkmsoman is the reyard of virtue ” Camp mentioned m his lectures 
(53) that paralysis agitans “occurs more often m hard yorking, conscientious 
people, yho do not drmk smoke, or take vacations ” But these sentences come 
more from “general experience” than any special studj* 

Jelhffe (54) and recenth" Booth (55) have directed special attention to the 
personahty of the Parkmsoman patient Jelhffe, usmg psi’choanah’tic methods, 
studied some of their psychological attitudes and concluded that the personahty 
yas the mam factor, yhile the bram lesions yere of less importance Booth (55), 
usmg the Rorschach and other psj'chiatnc methods, felt also that men yith a 
special tj-pe of personahtj- yere prone to develop paralysis agitans An exhaus- 
tne psi-chiatnc studv of the personahty of postencephahtic patients has been 
offered by I\es Hendrick (56) None of this data is extensive enough, nor 
sufficiently yell controlled, to comunce us that personahtj’ plays anj-thmg but a 
mmor role m the de\ elopment of paralysis agitans No author has dyelled on 
the other problem yhj- the many mdinduals yith this special tj*pe of person- 
ahty, do not develop paralysis agitans 

No one has j-et succeeded m producmg Parkmsoman tremor m laboraton,- 
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For the j'ounger age groups mentioned bj' Wilson, one wonders how many 
cases would turn out to be of encephahtic origin if an autops}' study were avail- 
able m the first years of development of the sjauptoms jNIost pathologists 
who studied cases of paral 3 'sis agitans m the younger age group came to the 
conclusion that they were deahng with a post-encephahtic condition The 
cases of Hunt and van Bogaert will be discussed later 

In our own material, the 3 Dungest case with no histor 3 ’ of encephahtis died 
at the age of 49 (case 4) The pecuhar findmgs m the cortev, globus palhdus, 
putamen and caudate nucleus which showed some round cell infiltration, pen- 
vascular calcium deposits, epend 3 Tmtis and margmal ghosis were similar to 
changes seen m cases 5 and 6 and suggested encephahtis as a causatn e factor 
One certainl 3 ' would not consider this case as a merely degenerative process 
The same is true for ease 8 who died at the age of 60 but developed symptoms 
at the age of 50, and case 7 who developed syDiptoms at the age of 40 In ease 2 
the onset was reported at the age of 51 In these cases the alterations were 
compatible with mflammatory or toxic agents and there was no mdication of a 
mere senile process, nor were the findmgs sufficient to justify the diagnosis of 
a heredo-degenerative, “abiotrophic” process 

Several observations, however, mdicate that Parloiison’s disease may develop 
without encephahtis and the conception that ever 3 ^ case of Parkinson’s disease 
represents a chrome encephahtis is not justified Lundborg (45), m 1912, 
collected matenal of a Swedish famil 3 '- with myoclonus-epileps 3 ^ There were 
8 cases of chrome progressive paralysis agitans related to 17 patients with myo- 
clonus-epilepsy, a percentage of paral 3 "sis agitans mcidence which certainly 
deseives attention In one branch of the faiml 3 % paralirsis agitans was found 
m the grandfather, father, and son 

Hart (46) found a hereditar 3 ’ factor m 16 per cent of his matenal of 219 cases 
Collins and IMuskines (47) also reported hereditary factors m parah'sis agitans 
In 1930 Ferdmand Hehrer (48) gave an elaborate revuew of the hterature of 
famihal mcidence of paral 3 'sis agitans Eleven authors have reported paralysis 
agitans in sibhngs jMedea and Clence m 1898 obseived paralj'sis agitans m 4 
Eibhngs of 10 SpiUer, Jackson, and immermann, m 1916 and 1919, reported 
the mcidence of paral 3 'sis agitans m 4 brothers Twenty^-one authors report^ 
paraliisis agitans m several generations, the highest mcidence reported m Runge s 
paper m 1924 with the disease present 7 times m father and son among 
53 patients 

These observations are suggestive of hereditary factors and have led some 
authors to postulate a heredo-degenerative paralysis agitans Unfortunateh , 
there are no rehable post-mortem studies ai adable of cases which had a defimte 
history of famihar mcidence and died m early life 

The conception of a juvenile paralysis agitans was mtroduced by' Wilhge (4 ) 
in 1911 This author reported a case which developed at the age of 22, he gave 
a review of cases of juvenile paralysis agitans m the hterature These cases, 
however, were not studied well enough to render defimte mformation The same 
IS unfortunately true with Ramsey-Himt’s (15) obsen'ation He reporte m 
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4 It has taken much tune and many controversies to establish the mam 
pathology of Parkinson’s disease Proved facts seem to be (a) that the sub- 
stantia mgra is almost mvanablj’’ damaged, (b) that the lesions are mdespread 
and not restricted to the substantia mgra, (c) the p}T:amidal system is spared 

5 Our material of eight cases offers evidence that the substantia mgra is one 
of the most common sites of lesions m paralysis agitans Cases ivith unilateral 
tremor revealed marked differences m the destruction of the substantia mgra 
cells of the left and right side, the contralateral side bemg more mvolved, vrhile 
the degeneration of the globus paUidus vras of the same extent on both sides In 
all cases ivith a complete histological examination, it vas found that lesions vrere 
not restncted to the substantia mgra The cortico-stnatal connections were 
regularly mvolved and lesions of the frontal and precentral cortex were evident 

6 A discussion of the physiologj' and pathologj’ of the extrapyramidal s^’^stem 
IS offered m order to clarify the nomenclature and to emphasise the differences 
m the pathology of the various extrapjTamidal diseases 

7 An analj’'sis of the Parkmsoman tremor reveals that the tremor is not a 
“restmg” tremor, nor is the tremor a true hyperkinesis The tremor is a part 
of the hj'pokmetic sjTidrome and seems to occur because those cortical impulses 
which are conveyed through the pjnamidal tracts reach the endorgan, while the 
discharges com eyed through extrapyramidal pathways are out of order Trans- 
mission of the motor nen'e-impulses is thus reduced and simplified to the primi- 
tive pattern of synchronised innervation, altematmg m antagonistic groups of 
muscles Thus Parkinsonian tremor is due to a diffuse disorganisation of the 
extrapjT-aimdal motor mechanism causmg a new configuration of the paths that 
remam capable of function 

8 Our cases, as well as the hterature, mdicate that a large number of cases 
which are called “idiopathic” are cases of inflammatory bram disease Some 
of them are residuals of epidemic encephahtis but other types of encephahtis 
maj produce the same sj-ndrome The production of paralysis agitans by 
syphihs has been reported and tumor and trauma are known to cause transient 
and atx-pical Parkmsonian sjTidromes 

9 It IS established that paralj'sis agitans may develop because of arterio- 
sclerotic changes of the bram but this etiology is not so common as one would 
expect from the hterature Even m cases where the pathologist reported arterio- 
sclerotic changes m the other organs the arteriosclerotic alterations of the cerebral 
1 essels are frequenth- neghgible 

10 Serule tremor with some stiffness does not justify the diagnosis of paralysis 
agitans As a matter of fact, senile changes m the brains of parah'sis agitans 
patients are rare 

11 After discussmg the lanous types of sj-mptomatic parali'sis agitans 
the question remains whether or not all cases ought to be considered as 
“sj-mptomatic ” Mam- mi estigators feel that there remains an onginal 
group of cases vhich represents a nosological entity Genetic studies hai e sug- 
gested an “abiotrophic,” heredo-degenerative group which develops m earlier 
life and represents a similar nosologic entitj* to Wilson’s disease and Huntmg- 
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animals Small children, do not display such tremors even though estrapy- 
ranndal disorders are frequent m childhood These facts suggest that a certain 
degree of maturity and development of the bram is needed before the full-fledged 
picture of Parkmson’s syndrome can occur This cannot be used as an argu- 
ment that a certam type of psychological mtegration is essential, although it 
may be that persons mth a marked motor drive are most likely to develop the 
syndrome than those of a more sedentary t5'pe 

Therapy 

It IS not inthm the scope of this studj’- to discuss therap3* m detad ^ The 
treatment of paralj’'sis agitans has been very'' consen-ative up to the last five 
years, bemg restricted to the use of scopolamme, strammomum and atropme 
preparations, mostly m i xed Recently saturation ivith atropme (57) and the 
Bulgarian belladonna (58) have attracted much attention These methods 
seem to be somewhat more effective than the older ones (59) 

Durmg the last three years the surgical approach to the problem of extra- 
pyramidal disorders has made great progress IVIuch has been learned from 
these operations, but the ongmal enthusiasm over the prehmmaiy reports is 
bemg sex'erety dampened bj’ careful follow-up work So far, surgical treatment 
has been of several vaneties removal of cortical area 6 (39), partial removal of 
area 4 (60), severmg the ansa lenticulans (40), and partial sectionmg of the 
motor tracts of the spmal cord (61) The most impressive surgical successes 
are not achieved m cases of true, bilateral paralysis agitans, but m unilateral 
conditions of unusual type and vaned etiology, such as trauma iluch more 
expenence is needed before surgical treatment can be recommended for Parkm- 
son’s disease 

SUMVUBT 

1 At the time of the one hundred and twenty-fifth anmversary of James 
Parkinson’s essay on shaking palsy, his masterful descnption is still unsurpassed 

2 Chmcal mvestigations m Parkinson’s disease have reiterated most of his 
observations and have explamed the chmcal picture of this disease as an extra- 
pj-ramidal disorder The mam symptoms which have been added smce Parkm- 
son are the mask-hke face, disorders of speech, cogwheel ngidity of the hmbs, 
the fadmg out of handwntmg and other motions, the slowness of reactions and 
numerous dysfunctions of the autonomic nerv'ous system, such as the greasy 
skm It is stiff a matter of argument whether these latter disorders are due to 
mvolvement of the hypothalamus or are part of the dj'sfunction caused bj 
lesion of the substantia mgra which max' plax' a part m autonomic as well as motor 
regulation 

3 The appearance of postencephahtic paralysis agitans has brought about 
unexpected msight mto the complex pathologx- of the extrapjaamidal motor 
disorders It seems well established that the lower nuclei of the basal ganglia, 
especially the substantia mgra, are most mx'olx-ed m that condition 

* Since xmtxng this article, a comprehensive survej of the methods of treatment in post 
encephalmc Parkinson’s disease bj von 'Witzleben (63) has been published 
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tncle The infenor ohvarj- nucleus showed gliosis with pyknosis of the nerve cells The 
vessels of the brain showed enlargement of the lumen and marked enlargement of the pen- 
vascular spaces There was marked stasis in many areas ISo artenosclerosis was present 
m the cerebral vessels 

Cace II (P BJB H , A37/50) The patient, a sixty-one year old Jewish male, entered the 
hospital because of abdominal cramps for one week and abdonunal distension for three days 
For the past ten vears the pabent has hadParkinsoman syndrome with a coarse tremor of 
both hands For the last several years he had dyspnea on everbon and swollen ankles 
The physical evaminabon revealed a fairly well developed, elderly man with a coarse, 
shaking tremor of both hands, arms and legs His color was shghtly cyanobc, respirabon 
increased, blood pressure ISO to 120 Penpheral vessels showed defimte evidence of 
sclerosis and tortuosity The reflexes were present and shghtly hyperacbve but no patho- 
logic reflexes were found The abdomen of the pabent was distended and an operation for 
volvulus by colostomy was performed The pabent died ten days later 

Avtopsj The general exanunabon was non-contnbutory The bram weighed 1365 
grams , the vessels at the base showed only a few scattered atheromatous plaques Blocks 
were taken from vanous areas of the cortex, both basal ganglia, including the subthalamic 
region, bram steam, pons and medulla The spinal cord was not available for exanunabon 
hGcroscopical examinabon of the brain revealed that the cerebral vessels were almost 
entirely free from arteriosclerosis The only severe vascular changes were found m a small 
secbon of the globus palhdus and here calcificabon occurred m the form of deposits in the 
advenbba, while media and mbma were free from lesions Each substanba mgra showed 
severe loss of cells and demyehnabon of the neighbonng fibres The subthalamic nucleus 
also showed degenerabon of cells and severe demyehnabon In the wall of the third 
and fourth ventncles there were a few ependymal reacbons in the form of ependynubs 
granulosa and mulbphcabon of the ejiendymal layer In the region around the third ven- 
tricle some small hemorrhages were nobceable The globus palhdus showed very marked 
demyehnabon of its fibres, especially in the outer secbon of this nucleus, and some de- 
generabon of the cells In the putamen, the perivascular spaces were enlarged and status 
lacunans of a minor degree was recogmzable The same type of changes was found m the 
cerebellum where the dentate nucleus showed demyehnabon and degenerabon of cells 
The cerebellar cortex showed loss of the mtraganghomc fibres and demyehnabon of the 
white core The Purkinje cells showed some sclerosis Secbons from the cerebral cortex 
showea widespread loss of nerve cells, ghosis of the first layer, some abophy and compensa- 
tory fibrosis of the leptomenmges and demyehnabon of the white core Especially marked 
was the loss of the myehnated radiabon and the demj elmabon of the short associabon 
fibres The vascular spaces in the white core showed enlargement and perivascular 
scarring 

Case III (P B B H , A3r/97) This sixty year old rebred salesman entered the hospital 
complaining of tremor of the left arm and weakness About one year ago, pabent first 
nobceu tremor of the left hand which occurred when the hand was at rest The tremor 
decreased on using the hand The tremor gradually mcreased m the following months 
and began to m% oI\ e the elbow and the pabent nobced weakness of the hand Eventual! v 
the tremor became so marked that it bothered him at mght when he went to bed, but it 
did no* bother him when he slept m a chair During the last three weeks before entrv to 
the hospi al, he nobced weakness of the feet Weakness was more marked on the left side, 
the Icit foot being hard to start walking but when started, patient had no diEculues in 
con^nuiag to walk The phvsical examination revealed a well-developed, obese man of 
20o po anas weight Leit hand and forearm showed coarse tremor until stopped bv holding 
the hand or placing the hand under his head The tremor disappeared on doing something 
purposeful with this hand The patient tended to hold his body slighth fixed, he walked 
yvi h quics, shob, shuffling steps His mental state v as clear but the patient was slow in 
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ton s chorea Pathological studies have so far faded to establish such an entity 
The fev reports are not worked up well enough to be conclusive This problem 
should be investigated further and oiil 3 ’’ a thorough genetic, chmcal and patho- 
logical study of cases of so-caUed juvende paralysis agitans wdl bring about the 
solution of that question 

12 The therapj'’ of Parkinson’s disease has been ver^"^ consenmtive until lateij 
when neurosurgery has opened a new approach bj’’ attacking the extrapjTamidal 
system directty It remains to be seen how far this active treatment wdl be 
beneficial to the vanous tj-pes of paratysis agitans Our clmicopathological 
studies suggest that, takmg mto consideration the chrome mflammatorj’^ char- 
acter of manj’' cases and the possibihty of toxic agents m other cases, it is con- 
ceivable that a more mgemous medical approach to the disease may succeed 
m developmg a more hopeful therapj’^ 

APPENDIX 

Case Reports 

Case I (P B B H , A36/24) The patient was a seventy-one j ear old male when he en- 
tered the Surgical Service of the P B B H complaining of weakness, noctuna, djsuna, 
dribbling and progressive retention which became more severe during the last fen davs 
prior to admission He was previouslj emplojed as a railroad worker In March of 1934 
he was on the Medical Service complaimng of generalized weakness and tremor of hands, 
progressively increasing for two j-ears Phj sical examination at that time showed a poorly 
nounshed man with fixed expression, dry, scalj skin, coarse tremor of hands, more on left, 
inabdity to supinate the left arm except with prolonged effort, generalized increased mvo- 
toma with some cog-wheel ngidity, penpheral artenosclerosis Stramomum was pre- 
senbed without relief He showed, however some improvement under hyoscine bromide 

In December 1935 he entered the hospital again with difficulties in unnation Since last 
discharge he had grown gradual!} weaker and had had increased difficult} in executing co- 
ordinated movements The ph} sical examination at the second admission showed an 
emaciated, apparently qmet man with fixed gaze and coarse tremor of the left arm and 
hand On speaking, the tremor was exaggerated and siimlar movements appeared in- 
volving the head and nght arm He had piU-rolhng movements of the left hand and the 
refiexes were slightl} more active on the left side but no pathological reflexes were present 
The recent difficulties in urination were due to a s}-mmetncally enlarged prostate Supra- 
pubic cystotomy was performed and a week later he began to have diarrhoea which he 
continued to have until his death about two weeks after operation 

Autopsy The body length measured 165 cm Generalized arteriosclerosis and arcus 
semlis were present The brain weighed 1490 grams Blocks were cut for imcroscopic 
examination from various parts of the cortex, from both basal ganglia, from the brain stem 
and the medulla The spinal cord was not available for examination 

Sections through the frontal cortex showed an enormous increase in ohgodendrogha, 
microglia and a shght increase in astroc} tes The white matter showed some dem} elina- 
tion The first layer of the cortex was thinned out In spite of the ghosis, most ganglion 
cells were rather well preserved and little loss of ganglion cells was recognizable Under 
high power the cells appeared in different states of dissolution In the basal gangha large 
and small lacunae were noticeable The nerve cells showed slight signs of degeneration 
but most of the cells were relative!} well preserv ed The substantia mgra showed a hig 
degree of degeneration with dissolution of the cells and scattered pigment There was a 
tremendous increase in glia throughout the section, involving not onl} the substantia mgra 
but the substantia reticularis and the central gray around the aqueduct and fourth v en 
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to Tomit and had involuntarv evacuation of bladder and recroni The temperature rose 
to IDS 4' by amlla pulse to 140 and respirations tvere gasping and temimal in character. 
In spite of stimulation, the pauent died one hour later of acute pyrexia Discharge diag- 
nosis post-encenhahnc Parkinsonism pedunculated fibroid heat stroke 

At ’ops J In the peritoneal cavity multiple pedunculated leiomvomas attached to the 
fundus of the uterus were discovered One large intramural leiomvoma 5 cm in oiameter 
and SIX irregular pedunculated masses ranging in sire from 2 to 10 cm in diameter were 
found The heart weighed 240 grams There were many sub-endocardial hemorrhages in 
the left ventricle, most marked in the region below the aortic v^lve 

The brain weighed 1240 grams There was a moderate increase in subarachnoid fiuid, 
memngeal vessels congested, vessels at the base normal, very shght fiattemng of convulu- 
tions Serial frontal sections revealed no gross pathologic.il changes with the exception 
of shght congestion of canillanes throughout the parenchyma Pluid in the ventricles was 
clear and slightly blood-tinged Cerebellum and brain stem were grossly normal 

Microscopic exaimnatioa of the brain revealed the brain free from arteriosclerotic 
changes but the same ring calcification encountered m other cases w«>s marked m sections 
of the globus palhaus Tnere was perivascular enlargement of the small and medium-sited 
vessels not restricted to any particuDr area A stuQy of the right and left basal gangha 
revealed patchy lesions which seem to depend upon the vascular system (status lacunans) 
There was shght gha reaction around the vessels and formation of a myehnated plaque in 
the nght pntamen Tne fioers of the globus paUidus showed marked demychnation with 
balloon formation of the remaimng myelin sheaths There was marked satelhtosis and 
some degeneration of nerve ceUs Iso essential difierence between tbe rigbt and left sides 
was recogmrable It might be that on the nght side there were quantitatively a few more 
lesions Sections from the cerebral cortex revealed marked loss of cells atrophy with 
fibrotic thickemng of the leptomemnges (frontal) marked satelhtosis of the nerve cells and 
patchv demyehnation of the white core 

Case r In this case (alrenuy bnefiy reported by one of us (22)) the history of encepha- 
htis four and a half yeajs before death was defimte The patient was a chaufieur, aged 
forty-two at tne time of his death .\t thirty-seven he had encenhahtis with acute symp- 
toms for several weeks then there gradually developed a ngidity which interfered con- 
Eiderablv with his walking and eating Little by little he became more and more helnless 
until finally, when he was hospitahred he was a perfect picture of Parkinson s svndrome, 
with ngiditv tremor and movement of the trunk and limbs en bloc He also showed in- 
teresting sympathetic svmptoms ruduv face marked seborrhea and conspicuous increase 
of sahvarv secretion Three years after the onset of the disease he became completelv 
bed-ndden and lav rigid without spontaneous movement He oied four and a half I'ears 
after the onset 

Au'opsir Examination showed unusual vascular changes The lesions mav be sum- 
mamed as follows 

Cereb-al cortex Marked vascular changes throughout witn increase in r umber and sire 
Oi vessels Great congestion , vessel walls either tlun or thickened hvahne and sclerotic 
Hemorrh'-ges in the white matter of both motor areas with iron deposit in hemoiTh'’ges and 
about nearbv vessels .\djacent celluPr destruction asenbab'e to ischemia also chrome 
luEammatom changes m rrontal "nd parietal cortex not immcdiatelv affected bv hemor- 
rhages, shght leptomenmgins, slight marginal gliosis, marked perivascular glios’s 
“2Iucin-like bodies and abundant “amvlotd’ bodies and intenneai"tc stages 

Basal gangha On right and left marked chrome celluDr degeneration is founa through- 
out, esmjciallv of the palhaal cells, mo-e acute changes in putamen, necrotic areas near 
sclerotic blood vessels cspcciallv in the pallidum -kbundant am\ lo’d bodies Xuroerous 
and couges'ed blood vessels some with thickened and hi aline walls, some thrombosed 
lessels othe-s contracted and emp’y Xo hemorrhages Rings of iron deposited m ad- 
icntitia o vessel walls of part of the ngnt pallidum Perivascular and diffuse gliosis. 



134 


CLEiTEXS E BEXDA AXD STAKLET COBB 


answenng questions or in initiating any action The reflexes ivere normal, the face ex- 
pressionless, the gait shuffling, both legs showed vancositas of veins Sudden death oc- 
curred on the fifteenth hospital day The case was apparently one of paralysis agitans com- 
plicated bj^ generalized vascular disease, chronic glomerular nephntis, the terminal and 
deciding factor being pulmonary infarction and associated pleimsj’ 

Autopsy The body length measured 170 cms General examination showed that the 
patient died of pulmonary infarction and bilateral bronchopneumoma There were gen 
eralized artenosclerosis, cardiac hypertrophy and pulmonary embob The bram weighed 
13S0 grams ilicroscopic examination of the brain showed ependymitis over the caudate 
nucleus and a multipbcation of the epend 3 ’mal cells in other areas There was some sub 
ependymal gbosis In both globi palbdi there was marked enlargement of the blood vessels 
and their perivascular spaces with rarefaction and softemng of the surrounding tissue 
There was a definite demyehnation in each globus pallidus The perivascular spaces were 
frequently found filled with gitter cells Enlargement of the perivascular spaces and de- 
generation of the surrounding tissues were present in the putamen and caudate nucleus 
In the caudate nuclei there was some capdlaiy sclerosis and marked increase in gha, while 
the alterations were of a less degree in the putamen Xo artenosclerosis was found In a 
few areas of the paUidum and in the knee of the capsula mtema, the vessels were surrounded 
by a heavy nng of dark blue staimng “calcified matenal ” This deposit did not mvolve 
the media, but was outside and within the adventitia The fibres of the capsula mtema 
were foimd intact The sections through the subthalamic region showed demjehnation 
of the fibres of the ansa lenticulans on their waj* around the medial border of the capsula 
mtema On the whole, the cells of the basal gangba and the subthalamic region were well 
preserved, while the demyelmation of the globus palhdus fibres was marked Most out- 
standing were the changes in the substantia mgra It showed defimte loss of cells in the 
lateral areas of both sides, but the nght side was more affected, it being onlj two-thirds 
the size of the left The fibers showed definite demyehnation In the cortex loss of gan* 
ghon cells and thinning out of the first layer with scattered areas of softemng were found 
all over IVithin the very large perivascular spaces there were found many red blood cells 
and some small hemorrhages in the pons and the region around the third ventncle 


Case IT (CfH , A37/403) The patient, a white female of 49 j ears entered the hospital 
with complamts about shakmg of left leg, weakness and droohng The patient noticed the 
weakness of her leg and the onset of droohng about one year before admission During 
this period the droohng became worse She developed ngidity, weakness and mark 
tremors of the left leg and foot She did not notice tremors of the hands About one 
month before entry she developed poh-phagia, poljTina and polj dipsia, but no pruntus 
In an Out-Patient exanunation two week before admission sugar in the unne was 
covered There was no history obtainable of encephahtis, no history* of diplopia or 
ness The physical examination disclosed a weU-developed and moderately well nouns e 
female with mask-hke typical facies Pupds were equal, regular and reacted to hght an 
accommodation The heart appeared shghtly enlarged with a basal and aortic systo ic 
murmur, rapid and regular The neurological examination disclosed inability to move 
facial muscles, marked tremors of legs and a shght tremor of the left hand There wM 
cogwheel ngidity of the left leg Xo abnormal reflexes ehcited The diagnosis 
Diabetes meUitus, 2 Parkinsomsm, 3 post-encephahtis (’), 4 abdominal mass, calc e 
fibroid (’) The X-ray examination showed a hypertrophic arthntis of the lum o-sacra 

spme The unne was essentially negative in the hospital, hemoglobin Sl%, bio 

87%- Hinton negative At admission the patient had a temperature of 99 4 disp ajin 
characteristic signs of post-encephalitic Parkmsomsm She also had an abdomin 
which was thought to be a pedunculated fibroid On admission the patient was p ace 
stramomum On the ward the patient had veiy few comp^ts and ran an imeven 
course until four davs later when her temperature rose to 100 and the " upran 

the next day, the temperature was 101% pulse 110 That mght the patient suddenly began 
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monoas vrere Teiv sIotvIv performed and after a brief time had to be stopped When stimu- 
lated, he tried to start but stopped again and his motion faded out The gait ivas verv 
pecuhar The right leg ttas stiner than the left and trhen he tralked he moved the leg with 
a jerking motion The leg revealed a coarse tremor which could be stopped lor a short tune 
but recurred when the patient s attention was fatigued and increased m intensitv with 
increasmg fatigue The arms and legs showed cogwheel ngidity The refleves were ev- 
aggerated but no clonus, Babmski or Oppenheim were present The tongue showed fine 
fibrillation There was excessive sahvation His mental behavior during the examination 
showed manv pecuhanaes He understood commands and attempted sometimes to per- 
form them but after a short time he was unable to keep on Sometimes he would arise 
Epontaneouslv from his chair and run around in circles continuing to do so until he was 
interrupted Before sitting down he would turn around sometimes three or tour times 
These circles were almost always counter clockwise He was able to run qmckly but his 
normal gait was snfi and slow 

The clinical picture strongly suggested a postencephahtic parkinsomsm, but the history 
IS not complete enough to ascertain whether or not the child had encephalitis at the age of 
seven months The development of this child seemed to have passed through two stages, 
the first, which occurred before puberty, is that of restlessness lack of inhibition and vicious 
character trends After puberty the picture changed entirely into a picture of parkinson- 
ism The boy died at the age of ISi'r years of pneumoma 

Aulopsu The circumference of the head measured 53 S cms The brain weighed 1320 
grams * The dura was srnctly adherent to the calvanum On gross inspection the brain 
anpeared normal 

If one expected to find overwhelming leaons explaining such a striking climeal picture, 
one would be disappointed, because only a veiy careful microscopical exammation revealed 
the pathological changes More than five hundred shdes were made and stained by various 
methods Tne spinal cord, medulla and pons showed almost no leaons with the exception 
of one level where a small focus was found in the substantia reticularis of the pons, the 
leaon consisted of a pile of lymphocytes near a vein which showed perivascular cuffing 
The nerve cells of the spinal cord and medulla appeared well preserved at the difi'erent 
levels The central canal in the spmal cord showed complete ohhteration and a somewhat 
unusual prohferation of the ependymal cells Obvious pathological changes were found in 
the substantia nigra, the pigmented cells were almost completely destroyed and the field 
was covered with small gha cells The veins of the midbrain showed defimte cuffing with 
small dark stamed round cells, while the arteries appeared almost free There was some 
microgha reaction on the side of the brain tissue The destruction of the substantia mgra 
cells was m contrast to the good preservation of the nuclei of the pons In the diencephalon 
round cel! cuffing was found in many veins oi the putamen, globus palhdus and the sub- 
thalamic region In some areas the perivascular tissue was loaded with concretions which 
stained dark blue with myelin stams In hematoxyhn and eosm nreparations these areas 
appeared necrotic, colorless or of a faint brownish -green tint In elastica van Giesen’s 
stain, those areas were filled with a fine mesn-work of red connective tissue fibres In the 
tanmc acid silver method, this mesh-work stained dark brown In the putamen, there 
were few nerve cells rccogmzable and the ground substance appeared darker in mvelin 
pmoaratioas than usually The ansa lenticulans was in some areas interrupted due to 
pfinvascular necroses 

The most marked lesions of the white matter were m the frontal and precentral areas 
where the perivascular tissue contained g-eat accumulations of the same dark blue con- 
crement Tne penvascular spaces were enlarged and the white matter showed demyehna- 


‘ Bo kh measurements indicate that the mental retardation was probablv due *0 acci- 
factors and not to a pnmary mental deficiencv The period of constant crying oc- 
curi^ in May 1921 when there was a large number of cases of encephahus lethargica in 
»-weden, the birthplace of oar paPent 
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The most interesting study in these specimens is that of the sections colored with Pearl’s 
iron stain In the pallidum are found many blood vessels with dark blue nngs of iron in 
the vessel walls These are for the most part the vessels mentioned as having hyaline walls, 
but a study of the distribution of these iron-ringed vessels shows that they are restncted 
to the pallidum and for the most part to the inner segment The hyaline-walled vessels, 
on the other hand, are found throughout the rhombencephalon and to a less evtent in all 
parts of the brain A close inspection of these iron-ringed vessels shows that the 
ferruginous deposit lies in the adventitial layer of the vessel wall, and largely in the newlj 
added adventitia — the thickening of the vessel wall probably resulting from inflammation 
in the perivascular space In some cases the iron nng is narrow and lies in a thin la 3 er 
of connective tissue In other cases, in n Inch the Virchov -Robin space is distended with 
organized exudate, the iron makes a broad band Many vessels have hyaline degeneration 
outside of the thickened adventitia It is thus seen that the iron lies in the connective 
tissue beneath the hjmline and outside the media of the v essel wall 

Midbrain Bdateral depigmentation and degeneration of substantia mgra Extensive 
vascular lesions like those described m the basal gangha Cellular destruction in the left 
oculomotor nucleus Chronic epend 3 amtis 

Cerebellum Degeneration of cells in the dentate nucleus, subacute and chrome vascular 
lesions nearbj , surrounded by necrosis Myelin degeneration in the superior peduncles 
Vascular lesions m the pontile tracts and nuclei, and one inferior peduncle 

hleduHa oblongata Perivascular lymphocj'tosis in somewhat wide Virchow-Robm 
spaces, chrome sclerotic changes in the vessel walls with surrounding necrosis of tissue, 
especiallj' near the inferior olivary nuclei 

Spinal cord Diffuse penpheral myelin degeneration, thick-walled blood vessels with 
some perivascular infiltration, chrome leptomeningitis 
Dorsal roots and ganglia Chrome pericellular fibrosis 
Muscle Chrome atrophy and fibrosis 
Skin Local hj pertrophy of sebaceous glands 


Case VI (W S S , A38/35) The patient was an eighteen year old boy in whom a complete 
picture of paralysis agitans developed under our own observations He was previouslj a 
strong and healthj looking boj' of Sw edish extraction w ho was mentallj retarded from early 
childhood, but w hose phj’sical development appeared normal When he w as seven months 
old he cried continually, but according to a statement made by the mother, the doctor in 
Sweden told her this was nothing senous He walked at the age of sixteen months and 
talked at two j ears When he w as seven j ears old, the mother began to notice slowness in 
development Because of his mental retardation, he was admitted to an institution 
At the time of admission, he appeared phjsicallj well developed and well nourished 
His station was normal and his gait somewhat hesitating, but otherwise normal, reflexes 
normal, no tremors The boj was very' noisy and exceeingly active He proved to be 
vicious toward other children and sometimes deliberately pushed them down or bit them 
He was a difficult child to control, and it was almost impossible to get his attention for any 
length of time At the age of mne, another peculiarity was observ ed , he had a tendency to 
run around in circles, and, when asked to go straight ahead, he would suddenly turn aroun 
and proceed running in circles Up to the age of seventeen there were few changes note 
in his physical development He grew to be a tall, strong and healthy* looking boy 
A neurological examination at the age of seventeen revealed a peculiar posture w ic 
suggested Parkinson’s syndrome, at first sight He appeared stiff and his mov ements were 
slow and poor His head was bent forward and salivm was dropping from his mout in n 
constant stream The right arm was slightly bent and rigid and did not move w en e 

walked The hand was stiff and showed marked coarse tremor He did not use t ® 

arm spontaneously and rigidity v as so marked that he was not able to touch face ^ 
his nght hand The left arm w as more flexible and the patient made some use o 
He w as able to lift the arm to his face to scratch himself and he tried to tie his s oes 
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Putamen and caudate nucleus The cells stained rather poorly, but numerous ganglion 
cells "srere lecosmizable and comparison with the cells ot the insula did not reveal much 
difference in staimng reaction The fibres showed some demyehnation in several sections 
o* -jhe putamen, and status cnble The vessels showed hypertrophy and multiphcation of 
the intima with prohferation of the adieiintia The fibre connections of the subthalamic 
reaon showed some demyehnation especially of the ansa lenticulans The cells of the 
substanba mnonunata were rather well preserved but some patchy destruction was recog- 
mzable due to cnble formanon of the tissue 

The cells of the thalamus were well preserved Also the lower parts of the basal ganghon 
did no: show alterations 

The midbrain Senal sections through the midbrain showed that the substantia nigra 
had completely disappeared on the left side at higher levels In the lower levels there was 
to be noted a shght degree of alteraticns in the cells, but the difference between both sides 
was not stnking 

Aledulla oblongata Secnons through the oblongata at the largest development of the 
nucleus olivarum demonstrate marked gha-fiber-prohferation The cells of the nucleus 
olivarum were shrunken and thom-apple-bke The cells of the nucleus ventrahs and 
dorsalis of the vagus showed parual degeneration and fat stains revealed that most of the 
cells were piossiblv more than usually degenerated 

Cortex Sections through different parts showed congesuon of the cortex and demyebna- 
tion of the white matter around the fibres The perivascular spaces were large and parts 
of the cortex showed status cnble of the same extent as seen m the putamen In one con- 
volution “plaoue-fibro-mvelineque ’ was discovered The pia arachnoid showed patchy 
thickening upon some convolutions of the frontal and precentral areas 

Spinal cord Examination of the spinal cord at the different levels revealed many changes 
of the antenor horn cells The number of cells was reduced, manv of the remaimng ones 
showed chromatolysis The capdlanes showed some capillary sclerosis 

Case Till («7SS0 M GJEf ) Only a brief record was available Since childhood the 
patient was a backward member of society and while having the advantage of special tutors, 
he was never able to go through the usual course of education which was enjoved by other 
members of his family During the last years he had been subject to attacks of uncon- 
sciousness accompamed by convulsions and followed by a period of somnolence In a 
typical attack the patient was found lying stretched out in bed, head and eyes turned to 
the right, frothing at the mouth nght leg spasmodically jerking, the left arm and leg stiff 
This was followed by a jerking of the ngbt arm and twitching of the nght ade of the face 
His pulse was irregular, but of normal rate as before the attack The blood pressure was 
IM to 105, his previous blood pressure having been about 1-0 to 95 Following the attack 
the tongue appeared to protrude somewhat to the left The left grasp was greater than the 
nght The arm refiexes were equal and active 

The patient developed a rhythmic tremor especially of the leit arm hand and head 
There was cog-wbecl ngidity of the left arm and wnst Following his last attack of im- 
consciousness on July S 1934, he was somnolent for three days He was short of breath, 
his chest showed inc-eascd signs of passive congestion and his temperature rose to a height 
of 103 degrees HediedJuIvlO 1934 The diagnosis was made of ‘'Hemi-Parkinson” and 
convulsive seirures Age at the time of death, about sixta years 

-It ‘ops^ The bodv was that of a well-devdoped and modern tel v well nounshed male 
weighing anp-oximately 160 lbs From the autopsj findings we might note the more im- 
portant observations The heart was moderately enlarged and weighed 400 gms The 
dcscerding coronaia artery branch at the left was found markedlv calcified and upon section 
complete occlusion was disclosed with a grayish white hard concentric thrombus There 
w»s no evidence of fresh occlusion In the aorta, near the junction of the arch and des- 
ccnoing thoracic aon-, an unusual ti-pe of aneu-a-sm was found The aneurysm involved 
approximately one-half the circumference of the ■"orta measuring 4 cm in width, 1 5 cm 
in depth and 1 5 cm in height The hmng of the aneurysm was smooth throughout except 
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tion around the veins The ertenor walls of the veins appeared covered mth a thin layer 
of small round cells The gray matter of the cortex showed patchy degeneration and 
patches of inflammation with thinmng out of the first layer and sclerog 3 Tia Although this 
pathological process was present in all areas, the frontal and the precentral areas appeared 
especially involved 

Case T 77 (AI G H ii?7063) The patient came in 1933 at the age of sixty-three years to 
the Out Patient Department of the Alassachusetts General Hospital for the first tune In 
1909 at the age of thirty -mne, he developed severe pain above the nose and laterin and above 
the right eye The pain was accompamed by a whirhng i ertigo which made him stagger to 
the left He never fell The legs became progressii ely weaker He lost strength and 
control of the right arm In 1933 the patient could not wnte with his nght hand, the 
fingers "had no life,” and he could not feel things as well as with the left hand The patient 
said that when the pain came he saw double He could not button clothes with the right 
hand, which was weak and clums 5 ’ I7o real headache or vomiting Iso deafness or speech 
defects 

Xeurological examination The pupds did not react to hght or distance The fundi 
vessels were somewhat tortuous and sclerotic He did not look to the left or upward with 
the right eye The 5th, 7th, Sth, 9th and 10th nerves appeared normal Handwriting 
showed marked tremor and mcoordination The patient did not seem able to use his right 
hand, he held it stiffly and could not use it to dress himself Extreme ngidity was found on 
attempting passive motions The nght leg was stiff and showed tremor Abdominal 
reflexes were absent, Hoffmann's sign was present bilaterally The clinical impression was 
that the patient had hystena but the diplopia seemed to rule that out, probably the diag- 
nosis was extrapyramidal disease 

The X-ray findings were notable Alarked convolutional prominence and the lascular 
channels in the frontal region were quite prominent, especially of the frontal bone just 
above the nght frontal sinus There was also shght increase in the density of the bone 
around this area, the Cnsta Galli appeared to be absent The sella turcica was deep and 
the postenor chnoids were atrophic There were no areas of calcification within the skull 
The pineal was not defimtely visuahzed X-ray findings were defimtely abnormal Vana- 
tions from the normal and the absence of Cnsta Galli, diminished vascular channels in the 
nght frontal bone, mcreased convolutional markiDgs together with atrophy of the postenor 
chnoids, were defimte X-ray evidence of increased intracramal pressure 

Hinton and Wassermann were negative ^ 

The patient was admitted, August 14, 1933, for pulmonarj' tuberculosis and Parkinson s 
disease The history mentioned for two j ears, weakness and atrophy of the nght arm, 
difficulty in wnting and tremor For about one y ear nght leg has been stiff and he has had 
diplopia on looking to the left 

At the end of August the patient took a defimte turn for the worse He was well onented, 
answered questions, but his reactions were v erj slow He seemed to stop and think for 
one-half to two minutes before answenng and sometimes repeated the questions Alemorj 
was poor 

Xeurological findings Ptosis of the nght eye The left eye was considerably more 
prominent Pupils were round, equal and reacted fairly well to light Could not test 
accommodation Patient would not look up, down, or to the left Looked only to t e 
right There was cog-wheel ngiditi of all four extremities In the nght arm there t e 
cog-wheel rigidity was especially strong 

The patient died of advanced tuberculosis on September 22 , 1933 

Autopsy The brain showed macroscopicallj an enlargement of both ventricles, e=pe 
ciallj of the left There was a slight general atrophy of the brain 

Microscopic examination Our first interest dealt with the corpus striatum T e a-a 
ganglia were cut in serial sections and examined by various methods 

Globus paUidus The ganglion cells were (at least in several areas) well presen e e 

fibres showed some demyehnation especially near the putamen 
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for one small atheromatous ulceration 7 mm in diameter The brain weighed 1100 gms 
There was moderate arteriosclerosis, the wall of the main arteries being cloudj butfairlv 
well collapsed without well marked atheromatous plaques The coniolutions of both 
parietal lobes appeared to be smaller than normal but the crowns were rounded and the 
fissures were not unusually wide The appearance was suggestive of congemtally narrow 
convolutions rather than atrophy Xo depressions suggestiie of localized degeneration 
were obseri ed on the surface of either hemisphere and there was no difference in the two 
hemispheres in size, shape or consistency 

JIacroscopicall 3 ', the brain showed defimte atrophy especiallj' of the left frontal lobe 
In the nght temporal lobe a dark area measunng 2 cms in length was found beneath the 
corte\ which turned out to be a venous angioma Microscopical examination revealed 
gliosis of the nucleus olivarum infenor There was prohferahon of the glia fibres, and the 
ganghon cells showed fattj degeneration There was also fatty degeneration of cells of the 
10th, 11th, and 12th nuclei The margin of the medulla showed abundant marginal gliosis 
as well as the graj matter around the fourth x entncle Sections through the midbram 
showed patchj degeneration of the substantia nigra especiallj" on the left side The de- 
generation was more of an insula character in this case than in the last one, and in some 
areas the cells were rather well preserved There was a gliosis of the gnseum centrale and 
the velum medullare 

On sections through the subthalamic nucleus and the ansa lenticulans widespread status 
cnble was recogmzable The vessels of the substantia-perforata were enlarged and par- 
tiaUj thrombosed with perixascular infiltration of round cells In the substantia innom- 
inata many areas were found necrotic The ansa lenticulans showed some degeneration 
near its medial end with enlarged vascular spaces 

On sections through the lentiform nucleus and the insula, large areas of rarefaction were 
recognizable in the putamen and in the white matter of the insula The fibres of the cap- 
sula interna and claustrum were demjehnated The cell degeneration in the insula cortex 
was more marked than that of the putamen Degeneration of cells, however, was wide- 
spread in the pallidum, caudate nucleus and putamen The cerebral cortex, especially the 
frontal, showed patchy degeneration, marginal gliosis and focal thickening of the memnges 
The white matter showed marked demjehnation 

A verj’ peculiar finding occurred in the nght temporal lobe The white matter appeared 
perforated and showed enormous increase in enlarged x eins The tissue between the vessels 
was degenerated and in many sections the walls of the veins touched each other One of 
the bigger central vessels appeared thrombosed The proper term for this condition is 
probably venous angioma simplex or caxernoma The thrombo-phlebitis which was 
recogmzable in some vessels seemed to be a secondarv infection 
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An analysis of the present factual knovrledge of plague appears timelj^ since 
the discovery of the disease in recent years as sylvatic plague or plague of the 
vnld rodents in the inland states of the North American Contment has attracted 
much attention and has created considerable aimety The discovenes of ap- 
parently neiv areas harbormg squirrels infected ivith the plague bacillus should 
be looked upon as an important domestic problem subject to slow but careful 
mvestigation, but for reasons by no means clearly understood rat plague has 
re-appeared m a YTestem port subject to restnctions imposed by the Interna- 
tional Samtary Conventions, and consequently the whole problem has become 
acute As a cause of death, plague plays a subordinate role Durmg the past 
10 years only 17 cases have been defimtely recognized However it is feared 
that the wild rodent resen'ous so widely scattered over 12 “Western States and 
Canada may ultimately extend mto the rat infested cities and towns of the 
AIississippi I'alley, or in turn it may re-mvade the Pacific Coast cities and visit 
mihtary encampments, and thus brmg agam the fearsome seed close to the 
human habitations Nobody anticipates that bubonic plague will cause epi- 
demics of the same magmtude as it did 300 years ago But smce so httle of 
the ecology of the wild rodents is known, the behavior of this disease cannot be 
forecast Likewise, as a self-regulating phenomenon m which man is merely 
an accidental host to a broad rodent parasitism m his environment, it should be 
capable of description In attemptmg such a descnption, it is fuUj' realized 
that the epidemiology of the wild rodent disease — ^the effect of the plague 
bacillus on the rodent herd — ^is far more important than the data on human 
cases That the records concermng the statistics and the dynamics of these 
primary hosts together with their fauna of ectoparasites m the “Umted States 
are quite mcomplete wdl become apparent m the course of the narrative It is 
therefore only proper to weave mto the synthesis the significant but rarely 
read contributions by the students of sylvatic plague m South Afnca and 
Russia A historical account may well serve as an mtroduction to the sub- 
stance of the lecture 

n HISTORICAL KEVIHW OF PLAGUE IX THE WESTERX STATES 

Bubonic plague was first recogmzed m the LTmted States at San Francisco 
On March 6, 1900, through the ngilance of Pohce Surgeon Dr Frank P "Wilson, 

* De Lamar Lecture delivered at the Johns Hopkins XJmversiti School of Hveiene and 
Public Health 
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eradication that had been concentrated in 9 counties During 1914, plague was 
found only in 4 counties, or more accurately on 21 ranches At the tune the 
pronunciamento was made, these ranches had been thoroughly poisoned and 
hunted over from 3 to 5 times, with the result that only on 1 ranch was a plague 
squirrel found after the work was recorded as completed The author of the 
cheerful statement “danger of its further spread has been removed” should not 
be cnticized Little was known at that time concermng the penodic-C3-chc 
fluctuations of sj'lvatic plague m an everlastmg succession The health official, 
who is httle veised m these matters, should be especially judicious m the prog- 
nostications of epizoobc trends of wild rodents 

Smce the findin g of infected rats m Seattle and Xew Orleans m 1912 and 
1914, with the appearance of human plague m the latter city m 1914 (30 cases 
with 10 deaths), and m 1920 and 1921 (25 cases with 11 deaths), as well as the 
infections m Florida and Texas, have no immediate relation sh ip to the prob- 
lems of today, it is deemed unn ecessary to recite the details Although the 
official records contmued to list plague-infected squirrels m the regions sur- 
roundmg the Bay area, no human infections were recognized A feehng of 
secunty and optimism prevailed, and was continuously reflected m the official 
statements, when, with thimderbolt-hke swiftness, 13 cases of rapidly fatal 
pneumomc plague occurred m Oakland between August 15 and September 11, 

1919 The cu-cumstances of the catastrophe, which mvolved 2 doctors and 2 
nurses, were epidermologically mterpreted by Force and Kelly (see TV B 
Kellogg) - They came to the conclusion that the first patient, an Italian, who 
developed a secondary plague pneumoma foUowmg the openmg of a bubo m 
the nght axilla, had hunted and shot squirrels m the foothills of Alameda county 
on August 11 and 13, 1919, brmgmg them home where thej- were prepared for 
eatmg The entire outbreak was traced agam to the squirrel plague reservou 

The 6 human bubomc plague cases with 5 deaths, which were seen between 

1920 and 1923, mvanably took place m County areas where squirrel infection 
was readily demonstrable by the customary method of mvestigation In bnef, 
the method consisted of shootmg the squirrels m the field pac kin g the carcasses 
m milk cans and sendmg them to the laboratory where thej* were submitted 
to a careful postmortem exammation for the purpose of detectmg endence of 
cross-plague infection When one reahzes that over 8,000 squirrels, sometimes 
decomposed, were ex amin ed from one countj" before any infection was dis- 
co\ered, it is mdeed not surpnsmg to note occasional disappomtments and 
surprises m the discovery of new foci m areas remote from the ongmal epizootic 

An outbreak of plague described by Dickie for Los Angeles m 1924 with 41 
recorded cases, 33 of the pneumomc tj-pe with 31 deaths, and 8 of the bubomc 
tj-pe with 3 deaths was asociated with a simultaneous recogmtion of rat 
plague ’ The first case was a Tlexican woman who mamtamed a roommg or 

= \m J Pub Health, 1920, 10, 

’ -Vn intensive campaign for the eradication of rats and ground sqmrrels was under- 
taken m both the city and rural distncts The trapping of 110,167 rats conducted during" 
months following the outbreak yielded 199 or 0 IS pier cent positive for plague However, 
at the same time 16,094 squirrels were examined and 9 were proven infected with P pcttis 
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tember, 1910, not less than 150,000 squirrels and proven 402 or 0 26 per cent 
infected Not less than 10 Counties harboied diseased rodents In fact, it is 
very important to note that late m 1910 a diseased Citellus vas found as far 
South as San Miguel m San Luis Obispo County, a distance of at least 200 miles 
from the supposed portal of entry at the Sacramento River near Port Costa 
■where, accordmg to Dr Medros, a rodent epizootic made its appearance at the 
waterfront m 1903 Likewise, it was recognized at various places (Gustme and 
Los Banos) m the San Joaqmn Valley In consequence, it was not surprising 
that the area of human infection e’vtended mto the rural sections of the state, 
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Hunting Operations and Ground Squirrel Infection in California, 1908-19S0, according to 
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and by 1915 at least 24 cases with 15 deaths were directly attnbuted to expostno 
to squirrels m San Bemto, San Joaqmn, Stanislaus and Santa Clara, in addi- 
tion to the ongmaUy recognized foci m Contra Costa and Alameda countiK 
As 'Will be discussed later, these rural human plague infections were associated 
with localized rodent epizootics which appeared despite the mtensive eradica- 
tive measures contmuously m progress, the apparent success of which is eiu- 
denced bj’’ the numerical reduction m proven infected ■wild rodents (Table 1) 

By 1914, a predication was ventured that aU “discoimrable” plague had been 
eradicated from the State of California The occasion for this optimism ivas 
the apparently complete suppression of plague as the result of the squirre 
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the total yearly population m the state m July at approximately 30,000 000 
ground squirrels, one would have to reckon with an average of 15 000 plague- 
infected rodents, some concentrated on a few acres and others scattered widely 
over many counties Indeed, this fear-mspirmg estimate assumes an aspect 
of reahti' when one studies the destructive progress of a local epizootic ’ 

In June 1927, the Cahforma State Department of Puhhc Health assumed 
the organization and mamtenance of a small force of hunters for the purpose of 
makmg plague surveys m counties bordermg the coast hne Instead of sendmg 
the carcasses of the shot squirrels to the laboratory where they frequently ar- 
rived in an advanced state of decomposition, the rodents are now dissected and 
carefully exammed in the field Pathological lesions are noted, specimens are 
taken and placed m glass contamers which are shipped m ice-packed metal 
shippmg boxes to the laboratory for examination The extent of squirrel plague 
m various Cahforma counties between 1927 and 1933 is m part reflected by the 
number of infected rodents which were discovered In Table 2 the yearly 
number of rodents shot and the number of squirrels found infected are listed 
The figures fail to give a true picture of the dynamic intensity' of sylvatic 
plague m certam coimties or m certam narrow sections or ranches of these coun- 
ties smce the sur\-ey actiinties m search for extensions of the regional epizootics 
or for undiscovered areas by necessity add to the grand total a great many 
animals from non-infected places Thus the yearly figures merely surest that 
m 1927 to 1930 rodent plague was more common than m subsequent years 
When the records for certam counties are inspected one notes, for example, that 
in Contra Costa in 1927-1928 m 2,360 squirrels 46 or 1 9 per cent were diseased 
It 15 therefore not surpnsmg that a fatal case of bubomc plague was obsen-ed 
m that coimta- The years 1928 and 1929 were doubtless “plague years 
and the three human mfections m ^Monterey, Santa Barbara and Santa Cruz 
Coimties resulted from local rodent epizootics For example m !Monterey 
11 infected squirrels were found m 626 squirrels or 1 7 per cent, while m Santa 
Cruz SoG rodents furnished 45 or o 2 per cent plague-infected animals Never- 
theless it must be remembered that the first human case m Santa Barbara 
Coum^ m September, 1928 was not associated with anv marked rodent mortal- 
itv In fact, the careful exaimnation of 1,273 squirrels was entirely negatiie 
A lear later 2 diseased squirrels were found on the ranch where the case had 
occurred Personal mquines and obseix ations made durmg 1927-1928 showed 
th"! epizootics were rampant m Santa Clara and Santa Cruz Counties -At that 
time the question of recrudescence or fresh importation was raised but it was 
quite apparent that plague infection was still rather widelv dissermnated among 
the ground squirrels m localities where infection m these rodents had prenouslv 
been determined Fmally it is well to emphasize that all the plague areas were 

‘ \Vti!e mentioning these figures it maj be recalled that in the fiscal a car 1913-1914 
app'oximatch 20 150 000 squirrels t\ere destroacd in the course of the control measures 
ivhich were concentrated on 3,100,000 acres V great man\ areas since tncn recogaircd as 
on-ooiic plague districts were not included in this attempt to dcstroi comnle'eh the 
squirrel and insi re the elimination o, the disease (Long) 
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boai ding house She died after an illness of 4 days Her husband and a prai 
teal nurse, who had attended her, were taken ill shortly afterward and diec 
T^e cause of death was given as lobular pneumonia A few days foUowin 
t ese deaths, it was reported that a number of ]\Iexicans hinng m this distnc 
were severely ill The ambulance driver who removed cases to the hospital 
t e priest who ad m i n istered the last ntes, nurses at the hospital and contact 
with these patients developed the disease m rapid sequence Relatives of pa 
tients m outljnng districts, who had been contacts, also developed pneumonii 
plague In considering the ultimate ongm of the rodent infection, two posa 
bdities were carefuUy studied (1) the mtroduction of the infection from foreigi 
ports through San Pedro, the port of Los Angeles, and (2) the transfer of plagus 
from infected ground squirrels to rats The first possibfiity was dismissed, 
smce mtensive trapping operations m San Pedro disclosed no plague-diseased 
rats Earl3’’ consideration was therefore given to the second possibility oi 
tra n s mis sion of the infection to rats from ground squirrels Contact betweea 
these two rodents existed m many sections of the city, and infected squirrels 
were found m the urban sections not only m 1924 and 1925 but it is recalled 
as early as 1908 In an exammation of 699 rats with 2,685 fleas (average per 
rat 3 8) it was found that 64 or 2 4 per cent of the insects were squirrel fleas 
Although the mtensive shootmg suiwey operations between 1908 and 1915 
revealed no anatomically infected squirrels, there is no proof to the contrarv 
that Los Angeles County had not been an endemic center for many years pre- 
cedmg the epidemic of 1924 

One fact is frequently overlooked that an old plague focus on the L Rancli 
m San Luis Obispo Countj’’, with a marked rodent mortaht}’’ m 1907 and 190S 
became active agam and a defimte epizootic descnbed as a nolent outbreakor 
“virulent” epidemic, was reported m July, 1924 At least 8 squirrels collected 
at random and several others found dead as a result of poisorung proved to be 
plague-infected Officially, these epizootics were considered “further exten- 
sions of the disease m squirrels,” when m reahty they were more readily com- 
parable with the periodic local epizootics, which are known to occur m many 
species of rodents Indeed, it is therefore not surpnsmg that simultaneously 
with the episodes m the two southern counties, active epizootics of squirrel 
plague were also noted m the North (San Bemto, iNIonterey, m sections of 
Contra Costa and Santa Clara Counties) Truly, 1924 was a sylvatie plague 
year m California, mth its consequences on the human population 

Summanzmg its work on plague and the suppressive measures emplojmd m 
Cahforma for the period 1908-1927, the TJmted States Pubhc Health Semce 
(see Report of Surgeon General, 1927) reports the exammation of approxi- 
mately 558,706 squirrels with 2,069 proven plague infections Thus, an animal 
survey catch of 30,000 rodents should produce, if the disease is spread uniformly 
over the endenuc area and occurs yearly with the same intensity, an average of 
15 plague-mfected animals The statistics previousl3^ presented show that m 
t3'pical plague years this figure has, as a rule, been many times greater Fur- 
thermore, if one estimates, accordmg to Joseph Gnnnell and Joseph Dixon, 
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demonstrated m the coast counties or districts adjacent to these counties, 
extendmg from the Carqiunez Straits of the Sacramento River to Los Angeles 
That the Ion infection index m 1931 and 1932 by no means represented the 
potential extent of the infection smoldering in Cahfomia and other Western 
temtories was amply proven by the experiences gathered during the subse- 
quent 8 3 ’ears The facts which led to the discovery of a much larger resen oir 
of infection are not generally knoivn A brief account therefore appears ap- 

TABLE 2 

Ground Squirrel Infection in California, 1987-1941 


Obtained through the courtesi' of Mr E T Ross, Cahfomia State Department 

of Public Health 


VEAE 

VUilBER 

EXAiahTD 

VDMBEB DvrZCTED 

PEE CEN’T 

SniAN 

ncrrcnoNS 

1927 

10,446 

39 

0 37 

1+ 

1928 

5,403 

59 

6 1 

3 (2+) 

1929 

14,888 

105 

0 7 


1930 

9,742 

12 

0 13 


1931 

16,948 

14 

0 08 


1932 

13,654 

8 

0 05 


1933 

30,950 

10 

0 03 

4 (1+) 

1934 

26,851 

258 

0 98 

1 (1+) 

1933 

27,880 

116 

0 30 

— 

1936 

23,377 

136 

0 58 

4 

1937 

30,660 

(7 pools of fleas) 

4 

10 01) 

1 (1+) 

1938 

18,713 

(11 pools of rodents) 

(32 pools of fleas) 

7 

[0 069) 

_ 

1939 

1 

29,232 

(6 pools of rodents) 

(17 pools of fleas) 

5 

[0 02] 

_ 

1940 

28,381 

(1 pool of rodents) 

(5 pools of fleas) 

1 

[0 007] 


1941 

19,040 

(1 pool of rodents) 

(5 pools of fleas) 

17 

10 1] 

2 (2+) 

(August) 

i 

1 

I 

(3 pools of rodents) 

(61 pools of fleas) 

(1 pool of ticks) 




propnate While considermg the source of infection of a fatal case of bubonic 
plague in a town outside of Los Angeles, three possibilities suggested themseb es 
(1) local rodents m the vicmity of the town, (2) Los Angeles City and ( ) ^ 
summer resort m the San Bemardmo Mountains Smce no evidence of p agti® 
m the tvo first hsted areas could be demonstrated and smce the 
time strongly favored the sojourn m a mountain cabin, mductively t e 
possibility was accepted as the most likely Hon ever, it was argued that p agu 
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is a common rodent disease the inv^tigators have never detected the disease 
in sonirrels Hotvever the hunting dragnet engaged to find plague-infected 
SQUHxels mil annually bung to the laboratory 2 to -1 animals vrith lesions and 
cultural Sndmgs of tularemia But, in recent vears every true epizootic among 
various species of squirrels mis mvanably proven to be caused by P pcsiis 
Smce sylvatic plague tenaciously persists m its origmal haunts it is reasonable 
to conclude m retrospect that previous mid rodent epizootics m Modoc County 
end elsevrhere m the 'Western states were m all probabihty. not tularemia 
but plague 

Shortly after the discovery of sylvatic plague m Xorthem Cahfomia reports 
vrere received of a fatal case of human bubonic plague at Lake Yievr Oregon 
(^lav 1934). Surveys and the demonstration of infected Or^on and Columbia 
squirrels by the Cnited States Pubhc Health Service shoved that the Southern 
Oregonian plague area responSble for this human infection vras connected vrith 
the Cahfomia plague region and that this part of Modoc had become mvaded 
from the North Of interest is the fact that an epizootic of marmots near the 
men s camp m the Hart klountam vas m progress before the infection m the 
squirrels vas detected Durmg 1935 it progressively infiltrated the recesses 
of the Warner ilountains and spread m a southerly direction mto Lassen County 
Tne Talley meadotvs yielded dead (195) and infected Oregon squirrels (7 1 per 
cent of 1 492 shot) vood rats {Xeo’oma) and vhite-footed field mice {Pero- 
In April 1935 shortly after the first squirrels emerged from hiberna- 
tion the survey activities vere imdertaken and on April 30 on one ranch stiU 
m part covered mth snom 62 carcases vere found and m a sample of 101 adult 
sqmrrels 6 shoved , subacute Isions of plague Inquins made in Oregon left 
no doubt that accoidmg to dependable reports squirrel epizootics occurred m 
Telocaset m 1927 and 192S and in the Sumpter Talley m 19^ and 1929, or at 
the lime the old plague areas vere qmte active m California. 

The nse of sylvatic plague m the Umted Stats vas ushered m by the demon- 
stration of plague by the Pubhc Health Service m a Richardson ground squirrel 
(CsUU'Js riChard<on'^ near Dfilon Montana m 1935 and m CiiePus G-mafus m 
Idaho VTth the first human bubomc plague infection m Southern Utah. In 
rapid succssion each year smce 1934 has brought nev suipnss Pour non- 
fatal Human cass of plague vere proven in California m 1935 A vetermanan 
hvmg m a county vhere plague vas imknovn developed an amllary plague bubo 
He had treated a cat vith an abscessed jav but no proof could be secured to 
menmmate the carnivore as a possible source of infection. Stray infective fleas 
bmagnt to the animal hospital on dogs vere hkemse suspected The recrea- 
tional areas around Lake Tahoe and Big Bear m the San Bemardmo ^looniams 
mth their varied fauna of chipmunks and golden mantled souirrels yielded fev 
diseased rodents but pools of Seas collected from the healthy animel- proved 
to carry the P p-s’ s vhen tered on ginnea pigs The great valae c: this pro- 
cedure employed m the search fo~ endemic plague foci in denselv vooded areas 
vas realized by those vho had to deal vith the epidemic'' ogi cal mvesriaatioiis 
o ruman infections m areas generally considered free from disease For 
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During the field investigations 82 carcasses of squirrels found dead m the mam 
areas of the epizootic in Kern County were sent to the laboratory, plague bacilli 
were isolated fiom the heart blood, the spleen or lung lesions of 75 Similarly 
66 of 78 dead rodents found in Tulare County were definitely proven infected 
In a senes of 2,831 animals shot by the survey crew, 27 had acute or resohnng 
lesions of plague mth positive findmgs At the end of the survey operations, 
the sample of sqmrrels collected at random and secured through the huntmg 
operations yuelded 70, or 11 per cent, proven mfected sqmrrels Pertinent to an 
understandmg of the factors which conditioned this regional epizootic is the 
fact that it started m adult squirrels early m iMarch shortly after the ruttmg 
season, it extended to the young the latter part of May and early June, and that 
it evolved m regions m which no rodent control work had been practiced dur- 
mg the depression years from 1930 onv ard This huge resenmir was responsible 
for one human bubonic plague infection in a boy who died from a secondary 
chrome menmgeal locahzation of the plague bacillus on the 121st day after the 
onset of his dlness 

Needless to say, the plague situation appeared critical For the first time, 
the disease had “migiated,” or probably it is more correct to say it was recog- 
nized on the east side of the San Joaqum Valley m the foothills of the Sierra 
Nevadas mthout leanng markmgs concemmg its wandenngs, though it vas 
qmte apparent that the trails pomted to mountains and not the lowlands Ths 
evolution of these new plague areas on a gigantic scale, despite suppiessne 
measures, created justifiable concern Discussions mcident to these unfore- 
seen developments acquamted the representatives of the various agncultural 
and biological survey agencies with the problems mvolved It is not surpns- 
mg that about the first of June a Umted States Biological Sun'^ey crev engaged 
m distnbutmg poison on Government land m hlodoc County — the most north- 
easterly county of the state — reported dymg and dead sqmrrels on several 
ranches Suri'eys made dunng the summer proved plague in 5 1 per cent of the 
shot or dead Oregon ground sqmrrels [Ctkllus oregonus (hlernam)] collected 
m an area of approximately 65,000 acres Significant vas the apparent mor- 
tahty among wood rats {Neotoma sp ), however, only one carcass smtable for 
bactenologic exammations v as obtamed Agam, it was reliably reported that 
at penodic mtenmls over many years, even before 1900, sqmrrels had died m 
these regions Old timers claimed the disappearance of the rodents m the ear y 
nineties Smee tularemia is by no means uncommon m this particular part o 
Calif orma, it v as qmte generally beheved, m new of certam mismterpretations 
of pubhshed facts and lack of mterest m the diseases of the ammal kmgdom, t a 
the wild rodent epizootics ivere caused by Bacterium tularense Investigations 
and inqmnes hai e disclosed the important fact that, ei en m the presence o 
an extensive epizootic of tularemia among rabbits and hares, associated a^ 
conditioned by’’ an undue prevalence of Haemaphy salts leports the rabbit tic ' 
only^ an occasional squirrel is similarly diseased Accordmg to R G 
m the Lake Alexander area m Minnesota vhere tree squirrels and Fran' n 
squirrels [Cttellus Franllimi (Sabine)] are present m numbers and tularemia 
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assume tliat the rodent infection has not been co nfi ned to Cahfomia alone In 
this connection it may be rather disturbmg to be remmded of the histoncal 
facts concemmg tularemia First seen m Arizona m 1907 and then descnbed 
as a disease of squirrels from California m 1910, its nation-mde distribution 
mas only recognized m the years 1924 to 192S when physicians had learned 
to diaanose a disease mhich existed for years m their immediate vicmity Some- 
vrhat the same course of events led to the recogmtion of typhus, spotted fever 
and brucellosis There is every reason to predict that annually m midely 
separated sections of the mestem part of the Umted States sporadic cases of 
bubomc plague may make their appearance From the histoncal records, it is 
axiomatic that human cases served as mdicators or signal posts of existmg mid 
rodent enzooncs or epizootics For the most part at least in recent years 
visible outbreaks have occurred at a time when the density of squirrel popula- 
tions has reached a peak m numbers and is bemg reduced by an epizootic It 
is hovrever a peculiar fact that human cases rarely if ever occur m the midst of 
the outbreaks Only too often a cursory survey may fad to yield diseased 
rodents but produce a fern pools of infected fleas Why human cases are so 
sporadic remains a mystery There must be some inherent unknovm meakness 
in the link formed by the Sea mhich is responsible for the very infrequent occur- 
rence of the human cases This view has likewise been expressed by Foune m 
considering the situation as it exists today m South Afnca This sporadicity 
of bubomc plague m parts of the country where it has never been identified 
and seldom seen makes it understandable why the diagnosis of human plague 
IS frequently mised and is only made after recovery or death From personal 
expenence during the past 10 years at least 12 of the 17 cases reported fall 
mto the category of mistaken diagnoses 

How the majonty of the 50 bubomc human plague cases deahng mth 41 
males and ordy 9 females, contracted their infection is not discernible from the 
records nor has it been possible to get any clear conception relative to the 
pathways of the infective agent In the early histones one finds statements 
concemmg the huntmg and skmnmg of squirrels from epizootic areas That, 
m boys and gnls, a bite from a Ctlellu^ or chipmunk may lead to an axdlary bubo 
was recognized m at least six instances The handhng and burimg of dead 
rodents scratches or other wounds sustamed in handhng predators, or picking 
of magpie nests {Pica pica hudsomca) have been associated with infections 
Twenty-four of the cases were under 20 years of age In 17 cases the location 
of the primary bubo was m the mgiunal region whde m only 12 of the detaded 
reports was the axillary node mvolved The latter may or may not have been 
mduced by an im'ecnve insect bite mdeed there is some evidence m the his- 
tones as already mdicated that they may be due to direct traumatic contact 
I mhrtunately it will always remam a matter of conjecture as to the actual 
number of cases which were caused by insect bites, smce pmnaiy skm ulcers 
hate been reported m but 2 cases However the freouent location of the 
pumirv process m the mgiuna! region which was not always identified as a 
bubo strongb incriminates flea-bites on the hmbs Probably some hat e become 
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example, the customai^^ dissection of shot rodents between 1931 and 1936 in 
the San Bernardino ^lountains had failed completely to disclose the existence 
of plague untd 2 pools of 104 fleas from 38 Fisher squirrels and 31 msects from 
24 squirrels, respectivelj’', were proven plague-infected Incident to the human 
infections m Utah, S 5 'lvatic plague was demonstrated for the first tune m the 
marmot {Marmota flaviventris englchardti) and praine dogs {Cynomys ‘panideni) 
Xew foci of plague were found m Idaho, IMontana and Xei ada and old endemic 
areas m Cahforma re\ ealed renewed and occasionally epizootic actmty to such 
an extent that, for example, m Santa Cruz the disease mcidence m the squirrel 
catches reached the significant percentage of 8 Infected fleas were encountered 
in increasing numbers m the pools of the collected ectoparasites 

The plague season of 1937 was ushered m by' a human bubomc plague case 
with a tjqncal primary ulcer at the site of the flea-bite It occurred on the 
Xevada side of Lake Tahoe In August, it was followed bj’’ a fatal infection m 
a girl havmg been bitten by a chipmunk, while on a vacation at Huntington 
Lake m Fresno County The sun^ey studies conducted on a scale hitherto 
unknown m the annals of sylvatic plague on the Amencan contment cohered 
every Western state, and dihgently pursued every report on local rodent mortah- 
ties Ample evidence promptly confirmed the ever growmg suspicion and fear 
that the disease is prevalent m the North from the International Boundary, 
m Washmgton, to the Cahforma San Bemardmo IMountam Range m the South, 
and from the West Coast of California mto the heart of IMontana The bounda- 
nes were subsequently extended m 1938 and 1939 mto Catron County of New 
Alexico, and mto Arizona and Wyommg By 1940 it was recognized m Alberta, 
Canada, and this year (1941) m North Dakota Fmally, Colorado, through 
the sun'ej" of an epizootic in San ALguel County, was placed among the 13 
Western states now proven infected New hosts of the plague bacillus, such 
as the Kangaroo rat and the Washmgton cotton-tail rabbit, and lately' the 
supposedly' immune Douglas squirrel, were added to the aheady lengthy' hst 
of rodents suffermg from spontaneous plague Despite these endemic reservoirs, 
only the active epizootic areas m Idaho m 1940 and m Siskiyou County' m Cah- 
forma m 1941 resulted in one and two, respectively, fatal septicemic or bubomc 
human plague infections 

in THE PRESENT SITUATTON 

The present situation may' be summanzed thus Plague is enzootic m the 
rodent population over at least 12 Western states of the Umon and at least m 
province m Canada Human cases of plague, reflectmg the minimum area o 
the distribution of plague m the wild rodents, have been recognized dunng e 
past 39 vears m Cahforma (45 bubomc -k 13 pneumomc types, total 58), ^ ^ ° 
(1), Nevada (1), Oregon (1) and Utah (2) (total 63) Only dunng the past 
years, for the first tune, mfected rodents hai e been proved m states other t lan 
Cahforma It is probable, however, that the infection has existed m these oni 
monwealths for a long penod of years For the reason that plague has pereis e 
m the wild rodents of California for more than 36 y'ears, it is reasona e o 
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tered m tissue sections or aspirated exudates from liuman lymph nodes Both 
m culture and m gumea pig moculation tests of these strains, thej* reverted to 
the classical fype Then- mfectiousness and cultural characteristics vrere m 
no vay different from other strains 

Approximately SO strains tested for their fermentative characteristics reacted 
m dextrose, levulose, galactose, manmte and maltose but not m gtycerme 
Hence, the plague strains connected mth North American human and rodent 
infections belong to the glj'cerme-negative. Beta group (Enraichi), also knoivn 
as the “Oceamc Race” accordmg to the designation of Berhn and Borzenkov 
These races or types are encountered m the endemic belt of islands and penm- 
sulas of the Tropics They differ from the “Contmental Race’ ’ or “Alpha Type” 
■which ferment glycerme, and are found m an endemic belt throughout the Cen- 
tral Asiatic Plateau These facts have been used bj- Kuraichi to speculate on 
the ongm of plague m Cahforma Smce the pandemic startmg from Hongkong 
m 189-t was associated ■with the “Oceamc Race,” he bebeves that ample evidence 
IS available to consider the North American enzootic foci to be descendants of 
this race He overlooks the fact that Pme m South Afnca found m a collection 
of 23 plague strains 4 of the “Contmental Race ” The African sylvatic plague 
endemic focus is likewise attributed to the pandemic dispersion at the turn of 
the century Thus, it appears madvisable to use biocheimcal tests to support 
certam theones coneemmg the ongm of plague on the North Amencan Contment 
Simple agglutmation tests ■with formahn treated anbgens have proven most 
useful to identifj* qmckly the different strains of P peslts, there are differences 
m the agglutmabihty of different strains, but no conclusive endence of any 
defimte groupmg withm the species is as yet available from the prehmmary 
tests Tests for the mvasiveness and imilence of the Cahforma plague strains 
on gumea pigs and, m particular, on mice by the method of S S Sokhey have 
rei ealed only min or vanations, which occurred as a result of dosage or varymg 
susceptibihty of the animals Considerable time has been devoted by several 
workers to proie pneumotropic properties for the bacilh isolated m Oakland 
and m the Los Angeles outbreaks, or from a diversity of ■wild rodents It was 
recognized m conformity ■with the findmgs of other mvestigators that, except 
on direct respiratoiy infection, the degree of lung mvolvement m the test am- 
mals depends more on the length of illness than upon anythmg else In fact, 
smce the susceptibihty of the test animal par excellence, the gumea pig, is doubt- 
less different from that of man, the difficult pneumomc plague problem ■will not 
be solved by further studies of the plague bacillus supposedly endowed ■with a 
specific lung “nrulence” developed on passage through rodents of ground 
squirrel and “ground-hog” tj-pe The rise of plague pneumomc epidemics 
depends on a great manj' i aned factors, both of an mtnnsic as v ell as an e^xtrm- 
sic nature Different chains of circumstances mold the nature of the epidemic 
and not the tropism of the causatii e agent 

Tlie ecological studies on the rodent reservoir were started by tVheirv and 
McCoy relatuely early as compared, for example, ■with the mvestigations m 
South Africa and Russia In 190S-1909 the existence of a possible reseri’oir of 
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SO infected in the open countrj’’, but such cases are rare The most usual place, 
where the infection has been contracted, has been the domestic premises m the 
rural commimities, or the cottages and cabms of s umm er resorts Agricultural 
laborers and them children of n lute, Portuguese and Japanese ancestry, m one 
instance a soldier who camped on a badlj^ infected ranch, and m another, a 
sheepherder who attended to his profession on the forest meadows m the midst 
of a marmot epizootic, were the victims of plague With the elumnation of rat 
plague smce 1925, evposure to wild rodents is more defimtely endent and proien 
In the earl 3 ’ Calif oima cases, contact with domestic rats has not been ruled out 
to the complete satisfaction of every epidemiologist If one excludes from con- 
sideration the cases of pneumomc plague which are always of a grave character 
and weU-mgh hopeless, explosive m their epidemiologic character, and mi anabl} 
due to aerogemc or mucous membrane to mucous membrane transfer of the 
plague bacdlus, the case mortahty rate of approximately 50 per cent for the 
bubomc, carbuncular and multiglandular cases due to wild rodents corresponds 
well with the averages for white persons recorded from recent epidenucs observed 
m other sections of the World 

Up till 8 years ago, the diseased Beeche 3 a squirrel— CrfeHus heecheyi—'^^ 
ultimately the mam source of infection Lately, m 2 cases, chipmunks {Eula- 
mias), m another the Say’s rock squmrel (Cttelliis variegatus grammurus), m still 
others the marmot {Marmota flaviventris Tiosophora), the Pisher’s ground squirrel 
{CtteUus beecheyi fisheri) and the Douglas’s ground squirrel (Citellus bcecheyi 
douglasii) are suspected as the prime spenders of infection to man It has 
become endent, m conjunction with the extensive survey studies all over the 
West, that not less than 31 species of wild rodents form a reservoir of plague 
mdependent of the domestic rat, thus makmg the situation potentiallj' more 
dangerous than m the past, and further addmg comphcations to a situation 
which already m 1908 appeared formidable in all its ramifications 

The problem is thus clearlj’- an ecological one, dependmg for its ultimate 
solution on a complete understandmg of the interrelations between the plague 
bacdlus, the rodent and flea population and factors of the environment 
analj'sis of the mteraction of these components should give a picture of the course 
of events leadmg to man’s infection 

rv FACTS DERIVED FROM PAST AXD PRESENT INVESTIGATIONS 

The strains of P pesiis — ^isolated as early as 1908 by McCoy from diseased 
squinels and smce then collected m connection with the survey studies an 
diagnoses of human infections — are biologically identical with the^ organisms 
secured from rats or other rodents m vanous parts of the World No es;en la^ 
differences have been found, if they occurred, the 3 ’’ were of such an order as is 
generall 3 ' accepted withm the species At least with the methods ^ 
toda 3 ^ it IS impossible to distmguish biologically a plague bacdlus isolate rom 
a wild rodent from that obtamed from a rat In this respect, the cone usions 
of rvIcCoy have been fully confirmed m recent y'ears The pleomorphism ao 
occasionally been confusmg, m particular the “coceal” t 3 q)e so frequently encoun 
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the former a PasteureUosis and the latter a Listerellosis On the Amencan 
Continent such infections have not as yet been encountered, but there is no rea- 
son why these and possibly other infecnons, concurrently with or mdependently 
of plasue, mav not affect the rodent population Unfortunately, the plague 
investigations even m Cahforma, are largely survey studies planned and executed 
to locate speedily the existence and extent of P. -pcsiis infection. Certam excel- 
lent improvements m techmcs as for example, the use of pooled tissues and of 
ectoparasites have made possible a rapid progress But ultimately m the 
mterest of a better understandmg of the problem, mtensive field studies must 
replace the far-flung but rather cursory samphng of rodent population groups 
and the mmutiae of laboratory mvesbgations mto finer details of plague 
bactenology 

■With this m mind, the Hooper Foundation with its staff of 2 mammalogists 
(F C Evans and E, Holdenned) and 2 entomologists (C 'Wheeler and 
J R. Douglas) assisted by the Department of Vertebrate Zoology (E E, Hall 
and J. At Linsdale) and Division of Zoology (T I Storer) and Entomology 
(M A Stewart), College of Agnculture, has minated m a very modest way field 
studies to work out standard quantitative methods of collecting data, and of 
observations on rodents and fleas at a station near Bass Lake (5,000 feet altitude), 
^ladera County, at Calaveras Dam, Alameda County, and on a ranch m Hem 
County Alore recently, these studies are being supplemented by observations 
m an experimental enclosure In what follows, reference will be made to 
these studies. 

(a) Rodcnl Populalwn Studies To date, the exploratoiy surveys or the more 
detailed mvestigations of epizootic or enzootic plague areas m the western part 
of the Umted States have established spontaneous infections or reservoirs m a 
total of 31 rodents and rabbits as listed below m Table 3 

As prunarj- hosts, the Citellus varieties are doubtless most important m the 
Pacific and Rocky ^lountam States On the other hand, m the Rocky Moun- 
tains from Wyommg to Arizona to the Great Plains the role of the praine dogs 
{Cynomys) constitutes accordmg to C R. Eskey and V H Haas a definite and 
mdependent reservoir of plague The position of the marmots m the canyon- 
nven sage plains of the Xorthem Great Basm as a pe rman ent mdependent reser- 
voir IS not established Likewise the role of the chipmunks {Eutamtas), flymg 
squirrels {Glaucomys) and California chickarees {Tamiasaurus) in the Sierra 
Nevada as primary hosts is not clear Equally uncertam is the significance of 
the wood rats (Xcoioma) white-footed mice {Pcromyscus), kangaroo rats {Dipo- 
domys ordti oidit) and the cotton-tail rabbits {Sylctlagus mi(talhi) m the infection 
spectrum of sylvatic plague They may become mfected by virtue of then 
contact with mfected squirrels or they may become important supplementary, 
secondary- but potential ancdlarj- hosts, and thus unrecognized and unsuspect^ 
disseminators of the plague bacillus As a whole, the host relationship on the 
North Amencan Contment is just as miohed and differs m no way from that 
proi en for South Afnca, Southeast Russia and other sylvatic plamie regions 
where the infection remains localized smee a particular fauna mamtams the 
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plague in the wild rodent population was realized, and through intensive studies 
by the United States Pubhc Health Semce in California overwhelmingly proven 
Largely influenced by these activities but independently, the mammalogists 
under the leadership of Gnnnell and Dixon collected valuable data on the ecologj 
of the ground squirrel native to the State It is only m the last 6 years that the 
potential proportions of the reseiwoir have been understood, but even today 
there are few facts which correlate the natural histoiy of the rodent with the 
plague bacfllus In a general way the host-parasite relationship or the para- 
sitology of the plague infection has been elucidated by jMcCoy and his associates, 
who saw dissections of thousands of rodents and the lesions of natural plague m 
at least 2,000 squirrels They established the now weU known fact that the 
gross anatomical changes, mdicative of an infection, resemble more closely those 
found m the gumea pig than those present m the rats and mice A bubo with 
a purulent focus m the mgumal region is noted m about four-fifths of aU cases of 
squirrels, which have been shot m the course of huntmg survey activities of 
fields and forests In the acute stages, the spleen is mvanabty very much 
enlarged and qmte dark, while m the subacute form caseation or purulent lesions, 
rich m P peslis, m one or more of the internal organs — ^hver, spleen and lungs 
are noted Towards the end of an epizootic penod or m an enzootic area, 
rodents with one lymiph node containmg small abscesses and very few bacilh 
are encountered This form of infection is known as the residual t3'pe, and maj 
be looked upon as cases which are m a state of recovery 

In recent years, K F iMeyer has encountered m Cahfonna m three separate 
regions, mvolvmg three separate species of squirrels {Citellus heccheyi oregonus, 
Glaucoviys mbnnus lascivus and Citellus beecheyi douglasii), m the fall or shortly 
before hibernation and mvanably at the end of an epizootic, few mdindual 
rodents which had been shot The cadavers presented a general enlargement 
of the lymaph nodes, but macroscopically or microscopically nsible purulent 
lesions Cultures jnelded no plague bacilh, but the inoculation of the pulped 
tissues mto gumea pigs have produced m six instances typical plague infections 
This type of plague-infected squirrel without nsible lesions is best designated 
as “latent” plague or a form of earner condition, which may’’ be one piece of 
eindence towards a better imderstandmg of the problem of the persistence of 
plague among rodents between epizootics Concemmg the frequenc}’^ of this 
stage of infection, no accurate data are as yet available, but moculations o 
gumea pigs with the pooled spleens and lymph nodes of se\ eral senes of rodents 
without nsible lesions would strongly mdicate a much wider distnbution than 
was formerly^ anticipated Pine has encountered this form of infection once 
m a Namaqiia gerbiUc and one Karoo rat, while the Russian workers (Gnkuroi , 
Tumansku and others) have seen it qmte frequently, m fact, they^ claim to hai e 
developed serologic and cutaneous tests to detect the existence of earners 
The early^ studies have likewise established m squirrels the existence o a 
plague-hke disease, which was subsequently designated as tularemia Proba y 
other natural infections among mdigenous rodents occur, m the hght of t e 
South Afncan expenences with the so-called “de Aar” or "Tiger River disease, 
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infective agent A piinnpal species belon^g to the family Scniudae or GerhU- 
hnac hvmg in subterranean colonies in families or dngly presides over the 
exehanses of the plague bacillus ivhile a group of small rodents (varieties of 
Mxindae and Jacuhdae) and rarely representatives of the L^pondce act as com- 
plementaiy and mtermediate hosts by suppornng the epidenucity and perhaps 
the dispersion of animal plague These complex interplays deserve careful 
attention but they vail only be understood tvhen the ecology of the mdividual 
components involved is more deSmtely established 

The comparative susceptibihty to plague of the specie of vild rodents has 
been tested on a relatively fevr sjtecies m fact, not even those which are of 
common occurrence m any part of the plague-infected areas have been so ex- 
amined ZiIcCoy and ^IcCoy and Smith and !Meyer and Eddie established the 
disposition of the chipmunk, white-tailed antelope squirrel {CiteUus leucurus), 
wood rat rock squirrel Anrona praine dog, golden mantled squirrel, Oregon 
sqiurrel pocket rat and marmot long before these rodents were discovered spon- 
taneously diseased in the ‘Western Stat^ Various ificro’us and Peromyscus 
species of imce collected in plague reaons have been subjected to artificial infec- 
tion and proven qmte susceptible to P. pesfi-s apphed throu^ skin scarifica- 
tions There is not a very big range in their susceptibihty although as a rule, 
the chipmunks golden mantled squirrels and field mice had the shortest survival 
time of 2t to 3 days In a senes of 10 Oregon squirrels with a survival tune of 
4 to 10 days 1 survived, and of 5 marmots with periods of survival of from S to 
10 days 2 remained ahve and showed no lesions when autopsied on the 25th' day 
after scarification. Smce it was realized that m all probabihty. every rodent 
accepts the plague bacillus, it appeared of greater importance to detennme the 
comparative susceptibihty of the species of squirrels most frequently mvolved 
m California 

By mjectmg mtracutaneously varymg doses of plague bacdh into approxi- 
mately 450 squirrels, consistmg of CtieUus heecheyi fshcn from Madera County — 
where sylvatic plague had not been demonstrated — and of C itcV us bescheyi beechqfi 
from -Mameda County known as a plague focus smce 1916, it was noted that 
these two squirrel populations are composed of very susceptible as well as qmte 
resistant mdividuals The latter predommate in the region where plague has 
been proven Srxty-three pier cent of the rodents survive an injection of from 
1 000 to 30 000 plague bacdh whde only 40 per cent of the Eisheri squirrels 
from the non-plague area resist a hke infection. Furthermore the tests con- 
firm the epidemiologic fact that the susceptibdity of the young immature 
rodents and habdity of the mature males to P pcs’js infection is much higher 
than that of mature females The cause and duration of this resistance are 
not sansfactordy explamed Although it is argued that the proven resistance 
of tne rodents is largely due to a process of natural selection and survival of 
the resistant mdividuals the posslbdity of an mimvmity mduced by a nrenous 
attack of the disease should not be entirely dismissed. The lesser susceptibihty 
Oi a p\ en rodent group strongly suggests that plague may have existed there 
m the Das'- that it may be a factor m the disappearance of plague m a locahty, 
anU that it may funhe-more ofier an explanation for the gaps of contmmry and 
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TABLE 3 

TTr/d Rodenls and Rabbits of the Western States Found Plague-Infected 

Order Eodentia 

Family Sciundae 

Genus Citellus, Ground squirrels 

1 Citellus annatus, TJmta ground squirrel (E 1935) 

2 CiteUus beecheyi beecheju, Cahforma ground squirrel [TTheny 190S 

(>2500)] 

3 Citellus beechejT douglasu, Douglas ground squirrel (E F M 1941) 

4 Citellus beechejT fishen, Fisher’s ground squirrel (K F 1937) 

5 Citellus beldingi oregonus, Oregon ground squirrel (E F 1934) 

6 Citellus columbianus columbianus, Columbian ground squirrel (E 193S) 

7 Citellus columbianus ruficaudus. Blue Slountain ground squirrel (E 193S) 
S Citellus lateralis ehrysodeirus, Golden mantled ground sqmrrel (E F 

1937) 

9 Citellus richardsorui elegans, Wyoming ground sqmrrel (E 1937) 

10 Citellus nchardsomi nevadensis, Nevada ground squirrel (E 1937) 

11 Citellus nchardsomi nchardsomi, Richardson’s ground squirrel (E 1935) 

12 Citellus vanegatus grammurus. Say’s rock sqmrrel (E 1936) 

13 Citellus vanegatus Utah, Utah rock sqmrrel (E 1936) 

14 Citellus washingtom lonngi, Lonng’s ground sqmrrel (E 1938) 

15 Citellus ivashingtom ivashingtom, Washington ground sqmrrel (E 193S) 
Genus Tanuasciurus, Red squirrels 

16 Tanuasciurus douglasu albohmbatus, Cakforma chickaree (E F M 1937) 
Genus Glaucomys, Flying sqmrrels 

17 Glaucomys sabnnus lascivus, Sierra fljnng sqmrrel (E F 1937) 

Genus Eutamias, Western chipmunks 

IS Eutamias quadnvittatus frater, Tahoe chipmunk (E 1936) 

Genus Cynomys, Frame dogs 

19 C 3 'nomys gunmsom zumensis, Zum praine dog (E 1938) 

20 Cimomys leucurus. White-tailed prame dog (E 1938) 

21 Cynomys pamdens, Utah prame dog (E 1936) 

Genus iSIarmota, hlarmots 

22 Marmota flaviventns engelhardti, Engelhardt marmot (E 1936) 

23 ilarmota flaviventns nosophora, Golden mantled marmot (E 1937) 
Family Cncetidae, Native rats and rmce 

Genus Neotoma, Wood rats - w -yf 

24 Neotoma cinerea occidentalis. Western bushj'-tailed wood rat (E F * 

1934) 

25 Neotoma fuscipes mohavensis, Mohai e desert wood rat (E F il 19 / 

26 Neotoma lepida intermedia, Rhoad’s wood rat (E F M 1934) 

27 Neotoma lepida lepida. Desert wood rat (E F 1935) 

Genus Peromjscus, White-footed nuce _ . 

28 Peromyscus truei gilberti, Gilbert’s white-footed mouse (E F 1 / 

29 Peromyscus truei truei, True’s white-footed mouse (E F M 1934) 

Family Heteromyidae, Eangaroo rats and pocket mice 

Genus Dipodoms s, Eangaroo rats 

30 Dipodomvs ordii ordii, Ord’s kangaroo rat (E 1939) 

Order Lagomorpha, Hares and rabbits 

Family Lepondae, Hares and rabbits 

Genus Sj Ivdagus, Cotton-tails , lomi 

31 Sylvilagus nuttallu nuttallu, Washington cotton-tail (1. 


Proven by Eskey (E ) or :Meyer (E F :M ) 
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The third type knorm as the ‘ colonial burrotr’ is largely used as a safety 
zone trhich may be from 100 to 200 feet m length, and forms a commumcating 
svstem of underground runtrays connecting from 6 to 20 entrances or surface 
openings The depth of this burrotr system rarely goes belovr 40 mches* it is 
often inhabited by species of animals other than the nghtiul owners, such as 
ground owls toads gophers rattlesnakes scorpions centipedes and mole- 
crickets comfortable nests made of grass blades, roots and fine stems of foxtail 
and needle grass are placed well back in the burrows to oSer maximum protec- 
tion Fleas and tacks are commonly found m varying numbers withm the nests 
and the tunnels 

Through the observations of iIcCoy and others, the breedmg season and the 
rate of breedmg so vitally important as a bionomic factor are fairly well known. 
Pregnant females may be encountered in December, but the largest percentage 
(70) may be encountered m March or sometimes m February By June or July 
only 1 per cent of the females evammed contam embryos At higher altitudes, 
the breedmg dates are later and the season still more restricted The number 
of young per htter as ascertained from counts of embryos, vanes from 4 to 11 
There is some variation m the size of the htter from month to month In 
January it may be as high as 9 and htters of 6 or 7 may be found m Jime. 
Furthermore there is ample evidence that the htters are uniformly larger where 
a food supply is abundant and the rodent population has been decreased by 
control operations all the evidence at hand mdicates that each female raises 
but 1 htter each year The bulk of the young squirrels make their appearance 
above the ground xvith remarkable uniformity m April and May they reach 
matuntv by September when they are from 4 to 6 months old. The greats 
number of squirrels — an average threefold mcrease or a ration of old adults to 
young of at least 1 to 4 — are usually present m June when the young first appear, 
then a gradual dechne m numbers takes place so that by the end of October 
usually SO per cent of the population consists of young of the year These sea- 
sonal densities of the populanon are normally regulated by the natural enemies 
of the ground squirrel of which the most important are eagles red-tailed hawks, 
coyotes badgers weasels, rattlesnake and gopher snake On the other hand, 
there is considerable evidence, but not a great deal of accurate data that undue 
population densitie of squirrels m given areas may be controlled by disease. 
Until recently, the estimate on densitie were based on counts taken of hvmg 
squirrels that happen to be above ground. Season of year, time of day and 
state 01 weather wiU profoundly affect the proportion of squirrels m sight or 
below ground Despite these inherent disadvantage it is estimated that about 
10 squirrels to the acre represents a maximum infestation, while moderate densi- 
tie as for e.xample 20 to 25 ground squirrels per acre m canyons and draws or, 
as Long has seen m one instance, an average of 140 to the acre are highly abnor- 
mal concentrations It is their prolific breedmg habits and the extraordmaiy 
reproductive capacity uncontrolled by the activities of predatory birds and 
anunils tnat require some other natural agencies for control. There is ample 
evidence in recent years that the natural enenues, even when httle mtenered 
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even for the cycles of epidemics But m view of the recent ohseivations by 
Sokhey and Chitre that resistant rodents may be encountered m regions or locali- 
ties of India proven free from plague, it would be premature to draw such 
conclusions from the mortahfy rates of a limited number of expennientally 
mfected squirrels To subject the 31 different wild rodents of different ages 
and sexes to comparative susceptibility tests on a significantly large scale repre- 
sents a gigantic task, but it may have to be undertaken m order to clarify certain 
aspects of the sylvatic plague problem The apparent immuni ty of certain 
species of rodents, because they escape infection even when hnng m close con- 
tigmty to other mfected species, is m part due to their habits, and m all proba- 
bdity to a difference m their flea parasites FmaUy, m the laboratory the Oregon 
sqmrrels acquire plague readily by canmbahsm, but the importance of this 
mode of transmission under natural conditions has been rarely recognised except 
at the height of epizootics 

For California, the Beecheyi sqmrrel (Citellus beecheyi beeclieyi) is the principal 
host for the plague baciUus, and it is beheved that the ecology of this rodent 
should be understood before the more complex relationship m the Boreal and 
Transition Zones are mvestigated Attention has therefore been focused on 
this rodent 

The term “Digger” squirrel is often apphed to this species, more especially 
m the foot h ills and mountam regions, m recogmtion of its burrowmg habits, to 
distinguish it from the tree-inhabitmg gray or red squirrels Essentially ground- 
dwellers, relatively large m size with long bushy tails and generally grayish 
coloration with a three-cornered silveiy patch on each shoulder, this species is 
restncted mainly to the state of Cahfomia It is most abundant on the plams 
of the San Joaquin Valley and m the Coast Ranges and Sierra foothills, the life 
zones he m the Lower and Upper Sonoran It populates much of the best farm- 
mg and grazmg lands m the State, and was considered a pest to the farmer at the 
early date of 1808 when, accordmg to Bancroft, about a thousand of these ani- 
mals were killed m 9 days at the Santa Barbara hlission This sqmrrel secures 
shelter for itself and young and safety from its enemies by burrowing m the 
ground It chooses to excavate its retreats m hillsides or m low earth banks, 
but m gramte country it makes its home under large boulders or m rock taluses 
where a minimum of burrowmg is necessaiy to ensure safe retreats The extent, 
diameter and depth of these retreats vary greatly and depend largely upon the 
nature of the sod Tunnel excavatmg is earned on durmg the spnng months, 
and IS shown by the mounds of fresh, soft earth accumulated at the mouth o 
the burrows The animals travel to and fro between then holes and their 
feedmg grounds, frequently traversmg the same courses untd radiatmg trai 
are worn through the grass 

In foragmg for seed pods, gram or frmts, they stuff the food mto capacious 
cheek pouches They repair to some pomt of vantage to hull and dev our t e 
food Three general types of burrows havm been recognized The males live 
m shallow, simple burrows at the outskirts of the “colony ” A burrow of a 
female with young is a compheated system of tunnels with many “bhnd alleys 
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normal hosts for several species Beecheyi squirrels on the ohservation range 
at Calaveras Dam (Hooper Foundation plague studies) earned Diamamis 
montanus and HoplopsyUus anomalm m varymg proportions Of approximately 

7 500 fleas collected, only about a dozen belonged to other species (Stevrart 
and Evans) This striking host preference may extend to biolo^caUy related 
rodent species or groups The importance of th is preference m the dissemina- 
tion of the plague bacfllus is qmte obvious particularly in the hght oi another 
fact namely an mterchange of parasites brought about by a fleetmg environ- 
mental contact of the vanous rodents inhabitmg the same region. As the tedious 
ecological studies progress, it has been noted that many of the insects attach 
themselves only vhile feedmg In consequence, it is difncult to secure a true 
picture of the ectoparasitic fauna (flea mdex) by merely countmg the fleas found 
on the tvild rodents above the grotmd Either excavation of the nests or the 
collections at the burroir openings from pieces of cotton battmg accordmg to a 
method devised by Stewart and Evans, will give a fauly accurate picture of the 
flea population densty m the nests and the species composition on the host 
In general there is a relationship between the number of fleas infestmg rodents 
and the parasite density m them nests Epidemiologically. of importance is 
not only the seasonal density but the seasonal fiea species composition Smee 
the data to be presented strongly suggest that the vector eSciency of the dif- 
ferent species of fleas may be quite variable, the potentiahties for sylvatic 
epizootics might be predicted from the species composition of the flea popula- 
tion by collectmg specimens from the burrow openings 
The mcidence of flea mfestaaon is quite variable and certainly not deter- 
mmed by host size For example the Beecheyi squirrels show a marked mcrease 
m the magmtude of flea infestation be ginnin g m August and still mcreasmg 
m October On the other hand, the mdices on chipmunks — ^Eutamias — ^mdicate 
a nse m July with a peak m the second week m August The Sierra Nevada 
chickaree also one of the high altitude rodents differs from aU other hosts m 
that us flea mdex is higher from the second week m June to the last week m 
July However, a more or less constant flea population level is mam tamed on 
a rodent over a penod of tune, not great enough to mvolve factors capable of 
exertmg an influence upon the bionomics of the fleas suficient to bung about a 
change m the size of the general population. Smcefleasareactiveinseekmghosts, 
a rodent freed from all fleas wdl acquire what appears to be the normal number for 
that particular season of the yearm a very short time possibli'withm a^ewhour 5 
At the Calaieras observation area a distmct seasonal mcidence exists between 
Dtamanits monlamts and HoplopsyUus anomalus The former was markedlv 
predonnnant durmg April and Jime while the latter oi ershadowed numencally 
the Diamanus from July and October while the mean temperature was above 
75^ .Analogous conditions with mmor fluctuations exist m other areas thus 
far studied. 

Concenung the bionomics of the different species of ectoparasites veiy- httle 
IS known, m fact, the most important lector — ^the ground squirrel Sea — D^ama- 
liXis monfanas is m the process of bemg mvestigated }ilany of the unknown 
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Tnth bj’’ man, have failed to exercise any appreciable influence on the reproduc- 
tive rate of the rodents, and that consequently plague had assumed the function 
of a check on their numbers 

A penod of dormancy — a form of aestivation to true hibernation — ^has been 
observed for the adult ground squirrels when they become exceedingly fat, 
young adults, less than a year old, remam active throughout the wmter m the 
lowlands Thus, it is readily explainable why plague may be found m Decem- 
ber and January, a fact which prompted IMcCoy to the statement that there is 
no seasonal prevalence of P pestis infection among squirrels 

The recently completed ecological obsenmtions by Evans and Holdenned 
prove the sedentaiy nature of the ground squirrel population By recording 
the movements of 433 marked squirrels, it v as found that the greatest distance 
moved was about 1,300 j^rds Young squirrels showed a greater tendency to 
move, and the movements are exploratory rather than migratory m nature 
Furthermore, as Gnnnell and Dixon have noted already m 1918, “there is nothing 
to show that there has been either extension of the general range of species or 
any retraction m it either ” Apphed to the problem of the supposed spread of 
plague from one focal center to another, it must become qmte endent that m 
the state of Cahfoima it did not spread by migration, but it is due to a process 
of contact between mdinduals m a contmuous population composed of many 
host species (Evans) As a whole, m the regions studied, the dispersal has been 
a very slow process Thus far, these facts are only known for one or two species 
of Cttellus iMoreover, one does not know the factors which limit the normal 
dispersal, how a search for mates mixes up the rodent population, or how aesbi a- 
tion and hibernation hmit all these actmties has not been determmed 
Thus far, attention has been focused on the primary host — the squirrel Lit- 
tle data IS available concemmg other species of rodents Complex ecological 
relationships are created when several species of rodents occupy the same burrow 
system and the ectoparasite mfested nests, either temporanly when m danger or 
after the death of squirrels The importance of mice and wood rats is quite 
endent, but httle is known concemmg the role of predatory and scavenger birds 
as studied by Jelhson, particularly with respect to the spread of infected fleas 
These different observations, to be supplemented by vanous ecological 
methods, ultimately will furnish data relative to rate of mcrease of a squirre 
population, and thus provide some means of relatmg outbreak of epizootic 
disease with a certam density of population 

(b) Flea Population Studies It is well known that the pestiferous fleas vaiy 
aecordmg to the species of wild rodents, each has its own hordes of Puhmdae, 
Ceratophyllidae and Leptopsyllidae Over SO different species have been foun 
on the Western wild rodents (Eskey and Haas) Xeedless to emphasize, t e 
number of fleas vanes per anunal and aecordmg to the seasons Earij^ in spring 
or late m fall, mdividual sqiurrels caught above ground may harbor over 50 fleas, 
occasionally a sick anunal may be covered by 300 parasites For certam rodents, 
an average of 20 while for others 10 or even 1 Sea may be considered an average 
fauna IMany rodents harbor onlj^ one species of flea whereas others are t e 



THE ECOLOGY OF PIAGEE 


167 


•srhale of 49 XcnopsyUa chcopis only 14 or 29 per cent, became infective An 
infective flea may transmit P. pc^hs on repeated feedmgs on separate hosts 
The mean number of transmissions effected by a group of infective individuals 
is known as the iransnu^wn potential As a segment of the great problem which 
mvolves the evaluation of the vanous fleas as vectors, it has become customara* 
to designate XenapsyUa cJicopis as a very efficient vector and on the other hand 
Malaracus iclchinum (Roth) from Microtus as either mcapable of transmirtmg 
plague or, at least, a verv feeble vector From the prehnunary studies on three 
species of fleas, it is recognized that neither a high tnfcclwn potential, namely the 
acceptance and implantation of the P peetis m the alimentary canal of the msect, 
nor the icrior potential alone without a consideration of the iransmieswn potential 
IS mdicative of high vector efficiency To be sure, it appears not unlikely* that 
some of the wild rodent fleas as, for example Diamaniis montamis may be more 
efficient vectors between rodents than the rat fleas which have the reputation of 
great efficiency The second most frequent ground squirrel ectoparasite — 
HoptopsyUus anomalus — ^is a verj- poor vector m the hght of these comparative 
studies However, it must be emphasized that the fleas m all these experiments 
are regularly fed, and therefore held under conditions that do not resemble those 
met m nature The studies on the wild rodent fleas have proven agam the im- 
portance of the incubation time which must elapse between the implantation of 
the plague bacillus mto the mtestmal tube of the flea, and the abflity of the m- 
sect’s bite to become infectious In the different experiments reported, this 
mterval vaned considerably, Eskey observed an mterval of from 3 to 130 days, 
while Douglas and "^nieeler noted an elapse of from 4 to 19 days or an average of 
9 6 dal's, that it is influenced by the temperature of the environment and perhaps 
other factors needs no emphasis In the ecology of plague, the rapidity with 
which a flea must become infective is probably a determmative force with which 
the spread is mamtamed or enhanced The life span of the plague “infected” 
and ‘ infective ’ flea is likewise determmed by many environmental factors As a 
rule, “infective ' fleas are unable to feed properly and thei' may succumb on the 
average withm 5 4 days (0 to 50 days) after the first transinission while the 
infected insects may play host to the plague bacillus without noticeable ill 
effects for the normal length of life characteristic for the species (Douglas and 
TVheeler) What this time is has not been determmed with any degree of accu- 
racy under natural conditions, particularly when starved Although the smgle 
flea transmission efficiency tests conducted m the laboratoia* have gn en mcon- 
clusive or negative results with the second most common flea of the ground 
sqmrrel — Hoplopsyllus anomalus — ^the routme tests with ectoparasites collected 
m nature of mocuFtmg gumea pigs mth the triturated fleas, have proven this 
species to be mfected In addition to Diamanus montanus, Echtdnophaga gal- 
hnacea removed from burrowmg on Is {Spco’yto cuniculana) m Kem Countj- 
haie also laelded plague infections m tests on gumea pigs (Evans, 'U'heeler 
and Douglas) The vector efficiency of this flea has not as yet been established , 
it may proi e of mterest m new of the observations of Jellison that the nests of 
these birds house an abundance and % anety of rodent fleas As “preservers ’ 
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factors in sj^lvatic plague are intimately related to the influence of the chmatic 
conditions on the hfe and longenty of the msects The “microclimate,” the 
temperature and huniidit 5 ’' of the burrow exert their influences on the life- 
cycle of the flea, and thus on the death-rate of the insect and mdireetl}’’ on 
the behanor of the plague bacdlus withm the body of the ectoparasite In 
order to comprehend the importance of these factors, the mechanism of P peslts 
transmission through the agenc 3 ’^ of the flea must be imderstood The early 
transmission experiments bj’^ Ogata and Verjbitzki and the studies of the Indian 
Commission have all been conducted bj'^ placmg a number of the parasites in a 
cage mth a sick animal and, subsequently, allowmg them to feed on healthy 
hosts When it became necessary’- to understand the mechanism of trans- 
mission, Bacot and Martm (1914) experimented with mduudual fleas It is 
this piocedme which, m recent years, has been employed by Eskey’ and Haas, 
TWieeler and Douglas, and the Russian workers, Golov and loff and By^chov, m 
determinmg both the abihty’- of the -wild rodent flp sR to accept the plague bacillus 
and to convey’ it to the mammalian hosts To date, approximately 32 species 
of fleas collected from American wild rodents have been tested and found 
capable of acceptmg an infection pronded they u ere given a meal on a guinea 
pig or mouse, marmot or gerbiUe uhich presented a termmal plague septicemia 
of a few milhon bacilli per 1 cbmm of blood The infection of these fleas is 
proven by’ the presence of plague bacilh, xshich are recovered from the faecal 
droplets discharged by the parasites To demonstiate this ehmmation of the 
bacteiia, the culturmg of the mat content m which the fleas are kept mth gentian 
nolet broth (jMey’er and Batchelder) has proven most valuable The infectious- 
ness of these cultures is confirmed on white mice or gumea pigs By’chov and 
Borzenkov mvestigated the existence of an infection of fleas by extractmg the 
mtestmal tract and by’ seedmg their contents on agar plates Indundual fleas 
and certam species nd themselves of the bacilh mthin a variable elapse of tune 
as had been demonstrated by’ the Indian Commission The nature of this 
cleanmg process of "infected” fleas is not understood, it may’ well be conditioned 
by’ the genetics of the host This "purification” process may’ be so thorough 
that the moculation of the crushed flea mto a susceptible gumea pig fads to 


produce disease Fleas, ha's’mg cleansed then mtestmal canal of plague organ- 
isms, as a rule, may repeatedly’ dispose of bacdli which they’ mgested m subse- 
quent infectious blood meals However, just as George and Webster had already 
demonstiated for the rat flea Xenopsylla clieopis, that only’ under the most 
favorable conditions, a few of the “mfected” fleas become “infective,” capable 
of mfectmg through the bite, so have the studies on wild rodent fleas by’ aU 
recent workers established a similar behamor In the tests made by’ Eskey' an 
Haas, only’ 13 species of fleas from wild rodents in North America transrmtte 
by’ their bites This abihty to become infective has been designated by’ Wieeler 
and Douglas as the vector potential, and lepresents the percentage of infecte 
mdmdual fleas to become “infective ” For tn o species of laboratory reare 
fleas — the lat flea — Xenopsylla cheopts and the squirrel flea Diamanus mon- 
tamis — t his potential has been established Of 41 Diamamis 21 or 52 per cent, 



Ecoi-OGY or PX-j-Grr 


169 


TisDle in the ticks for least 11 days and the faecal droppings Trere infecnons 
even for loncer T> 5 nc-ds. Inotiiries mto the role oi ticks as preservers o; the 
nlacue-contaaon in the biirrotvs are urgently needed- 

Throagh the erorts of kl. A- Stevrart and in the course or irea surv^s in the 
vicinity of citis- dependable data relative to the exchange oi feas from th^ 
narurai to aberrant hosts have been collected. There need be no doubt that 
souirrel £eas are nicked up by rats and dogs, and the reverse — a tran s fer or rat 
£eas to squirrels h»-^ been deSnitely proven. Some ot the documentary evidence 
alona these lines is as follous. 2) c^ciLdS ’'■'oxtc' ns — in all probabiLiy the vector 
nar excellence — been collected from Afior'c, Ratios •iomtrcjs ■ncmecmjs 
in the San Francisco Bay Los Angeles (1924) and Salt Lake City areas Rc’zjs 
T xr~ s c'erc''G~'a s and A fiViC cfncrcc ozc ccruchs and ma r mots tn Oregon, 
rock sQuirrels tree squirrels and prairie dogs in Colorado and the vrolvertne in 
Britidi Columbia. In the surrounding temtories of Los Amgeles the I) C" ca rs 
index on rats m 1933 varied from 1 64 in Whittier to 4.4 m Pomona (R. V. Stone) 
Hop’opsvTijs CIO— c' .5 vras hkevrse demonstrated on isorvemcus rats in San 
Francisco and the cotton-tail in Alonterey County Beecheyi sqturrels caumt 
in the Belvedere district of Los Angeles carried on the average 3 Xc.op-'-Ila 
crcopfs (R. T. Stone), similar nndinc have been reported from Salt Lake City. 


V. Bonzxr pniGCE mtoomcs 

Piehtninary Seld stucLes on the course oi squirrel epizootics in Eem Coanty 
vrere made in 1934 and the essential facts have already been sketched in the 
biroricai revietv. .Annual surreys from that year on mere negative until 1941, 
mhen plague mas agam demonstrated both m squirrels (Ci.fUuS c-:earr^i.-s^rn) 
and in several species of Seas (B,c",cn re no-jfciJ? Eophps^Ji^s cno-nc! ;? and 
Fcr G-cp^cca cc"~r.ccio). Sylvanc plague mas foond m Sve separate and dis- 
tinct locahttEs. According to the neld studies of Evans Douglas and Wheeler, 
each focus acted as a unit by itsdf, for each is at least 15 or 20 mils di5*ant 
from any other loca*ed mithm the foothill area. Careful surveys of the inter- 
meoiate 5*ations failed to reveal the presence of P. p-P's. Xo evidence of 
spread frcm one focus to another mas observed. Focal occurrence and (Lscon- 
tmuojs dstnbation is apparently one of the characteristic o: sylvatic plague. 

The Srst specimens positive for plague mere ob'sined by the California State 
Department o: PubLc Healtn Crems on April 24 mhile the las* positivs mere 
taken on July 17 rabsequent surveys yielded neither infected rodents no* Seas 
Impo-tant is the fact that P pcP.s mas demonstrated m Seas tWc-c. it mas found 
in squirrels and considerabV cnA — the last posiuve squirrel. Tnus the active 
disease in the squirrel mas extremely short* in fact, the entire epizootic mhich 
ehmmated on one rancn close to 99 per cent o: the squirrel population, lasted 
approximately 3 montns. Of the 2 494 squirrels snot muhm and suiroundmg 
th e plague epizoo^ c area 16 or 0 64 1 ^ cent p-oved positive : o~ plague. Thirty- 
nme prols of Seas from a collection of 17.95S ectoparasites mere positive. But 
excavanons of 54 barroms and the examination o: 35 revealed the carcasses oi 
44 squirrels lust at the en*Tance or on the momds outside. Hence it is quite 
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of the plague bacillus, these fleas may have some function In the course of a 
rodent epizootic, the praine or veldt is piobably saturated with "mfecfed" fleas 
According to loff and Pokrowskaja, 63 per cent of the insects collected were 
found to be infected, m fact, a normal healthy squirrel earned a dozen infected 
fleas Unfortunatelj’’, no data concemmg the l^orth Amencan fleas m an epi- 
zootic area are available, although Eskej'’ and Haas (page 51) selected through 
microscopic exammation 20 fleas from prame dogs and found 14 plague-infected 
The process by which the infective wdd rodent flea conveys the infection to the 
vertebrate host differs m no wa3'^ from that already established bj' Bacot and 
Martm for the rat flea and for the suslik flea — Ceraiophyllus fesquorum—hy 
Golov and lofl' Regurgitation of blood from the oesophagus, due to bacillao' 
mass formation and obstruction m the proventnculus, has been regularly 
obsen^ed m mounted fleas (Eskey and Haas) Microscopic sections repeal 
clearty the progressive accumulation of bactenal clumps and the development 
of the blockage (Douglas and Wheeler) Not only m the stomach but in the 
mtestmes and the rectal pouch an identical multiplication may’^ be noted Of 
mterest os the fact that fleas with an apparent block will occasionally establish 
a normal flow of the mgested blood and thus resume normal feeding habits 
(Douglas and Wheeler) 

As other modes of transfer of the infective agent, the Russian workers, Tuman- 
ski and Pohak and Bychov, consider, m analogy to the findmgs of the Indian 
Plague Commission the foUowmg modes for the wild rodents (a) Crushmg of 
the infected fleas with the teeth and infection through the buccal camty 
(b) Scratchmg and rubbmg of mfected fleas, rarely faecal droppmgs into super- 
ficial skm wounds or abrasions (c) Through the bite of the flea with a soiled 
proboscis following the suckmg of blood from a diseased rodent Recent evpen- 
mental attempts to mutate these modes of transmission have thus far been unsuc- 
cessful (Eskey and Haas, Wheeler and Douglas) , how ever, m the early studies 
by the Russian workers, Golov and loff, the mgestion of fleas is repeatedly 
emphasized Under natural conditions due to the great mobihty of the fleas, 
these transfers of the plague bacillus are probably qmte rare 

The louse — Haematopinus columbianus — and a variety of ticks, inhabitants 
of the squirrel burrows, have been found capable of harbonng plague bacilh 
(McCoy and Borzenkov and Donskov, Eskey and Haas, Douglas and 'V\Tieeler) 
Their position in the ecology^ of syh atic plague is not clear There is no con- 
clusive evidence that they act as vectors, then infection merely attests that they 
had fed on plague-mfected animals In one experiment Jettmar succeeded m 
infectmg a healthy squirrel by placmg upon it tarabagan lice — Ltnognaioides 
citelli — collected from a dead artificially infected tarabagan One recalls m 
this connection the important fact that bedbugs — Ctmex lectidanus ^may carry 
plague baedh m tbe mtestmal canal foi at least 147 days (E I Nonkoi a an 
G A Lalazarov) Accordmg to Borzenkov and Donskov who found infecte 
the tick — RJnpicephalus schulsei — on Cttellus pygmaeus or m its nest, and w o 
expenmented with Hyalomma volgense report that duect bites of these msec c 
may cause infection and death m healthy animals Plague bacilh remaine 
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endenucity or more specifically on the persistence of plague Although the 
Russian vrorheis give no ansvrer to the pertment question Hotr does this 
endenucity arise’ they do pomt out that -wherever there is a given species of 
rodent m sufficiently large numbers, ‘ a chance mtroduction of infection by 
other nnuTinlc; or by man can lead to the formation of a new center ' "What 
these animnlg may be is not stated but the rat (Ratius noncgicus) is mentioned 
ZSevertheless the histora- of a plague center -usually dates back so far that, with 
few exceptions, the ongm cannot be determmed There is ample evidence that 
when constant impe dim ents are missmg the enzootic center slowly but defimtely 
spreads Smce it is mvanably the epizootic m the enzootic regions which is 
responsible for the spread and the creation of new centers it is of practical im- 
portance that the rodent control must concentrate its efiorts on the active area, 
pronded it is recognized early m the course of evolution It is regrettable that 
this principle has not been practical of execution Only too often, epizootics 
were recognized m areas which were doubtless enzootics operated for many years, 
dispensmg their harmful seeds long before man ever became mterested in the 
nature of the -wild rodent mortahbes 

This descnpbon, m part at least, e-yp lams the spread but gives no account of 
the quiescent stage the vanous factors which prepare the ground for the sudden 
epidemic rise of plague and the last stage or aftermath Both these phases 
must m some way be connected by a mechanism descnbed as the pcmstena: or 
perpciualton of rodent plague infection, or the “cany over from one season to 
another The role played by ‘latent ' plague in the hibematmg rodent or the 
infected flea as “preservers’ of the bacilh has received consideration under 
experimental conditions, but the correctness or mcorrectness of the obseiwa- 
tions still has to be proven For practical purposes, Pine, who has made de- 
pendable field observations m South Afnca, beheves that the flea is the all- 
unportant factor m the persistence of plague "When rodents are few m number, 
the disease would be of a qmet, smoldermg type, a sqiurrel infected every here 
and there at 2 months mterval would be sufficient to keep the disease ahve 
As the number of rodents mcreases and the fleas presumably mcrease m response 
to en-cironmental factors, contacts would be more easily made and the number 
of cases would mcrease For hibematmg rodents, the mamtenance and per- 
petuation of the plague mfections durmg the -wmter is doubtless more complex. 
What the ultimate explanation of the “carry over ’ may be, there is no doubt 
that the vector-host relationship must be mamtamed In the region -with 
hibematmg rodents, the underground disappearance of the squirrels may termi- 
nate the plague activities for the season, but -with the first appearance of the 
animals above the burro-ws, the entire process repeats itseK this year and the 
year after -with diminislimg returns of mnsibh- diseased animals or pools of 
infected fleas .tt the end of a 3 or 4 year cycle the area has assumed the 
aspect of non-infected temtora- only to erapt agam -withm 10 to 12 years with 
the same mtensity as seen on the first occasion when it was studied 

This sketchy survey of the ecology of syb atic plague has left a great deal un- 
answered, because knowledge is either not available or it is burdened by hypoth- 
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e'VRdeiit that the survey operations and the demonstration of plague m the shot 
squirrels gives mdeed an madequate picture of the mtensity of the epizootic 
A careful mspection of one focus showed that the majority of burrows had been 
abandoned because of disease Although fleas were found at the entrance of 
43 burrows, the3’’ were discovered m only 15 of the 38 nests which were examined. 
In August no fleas were present m 4 nests mvestigated Ecologically impor- 
tant IS the shift m the proportion of Diamanus montanus to Hoplopsyllu^ 
anomalus The dommant species m the early stages of the epizootic was Diama- 
nns, and later it was m part displaced by Hoplopsyllus The absence of this 
species m the nests is not understood, likewise, the presence of infected fleas 
m only 1 nest 

Experiments on the rate of decomposition of squirrel carcasses led to the con- 
clusion that the actixm phase of the epizootic stretched over the months of 3Iay 
and June, or at the height of the dispersion of the young In order to be guided 
for the mvestigation of future epizootics, the published reports by Kalabukhov 
and Raevsku on the life-<;ycle of Citellus pygmaeus, and the laws governing the 
development of sylvatic plague epizootics in Southeast Russian endemic region 
desenm particular mterest The observations are sigmficant and, m general, 
apphcable to the conditions which prevail m the endemic foci of California and, 
probablj', in other plague areas Tlie ecology of sylvatic plague evolves bnefly 
as follows FoUowmg the appearance of the young squirrels above ground, the 
density of the population mcreases 3 2 to 3 6 times, and thus increases the chance 
of contact Moreover, with the dispersal from the maternal burrow, the young 
m searchmg for habitations become exposed m inhabited or deserted burrows 
to the flea population which mamtains, m all probabihty, the plague nrus from 
season to season This dispersion takes about a month, and is influenced by 
the climatic conditions of the sprmg It may begm early or late and thus 
determmes the date of the anim al epizootic outbreak which, on account of the 
physiologicallj’^ conditioned high susceptibdity, renders this stage of the life- 
cycle — ^youth — ^particularly hable to infection hligration, to be correct, the 
emigration studies by means of the trappmg or the bandmg method have shown 
that durmg the summer season the ground squirrels usually move only^ short 
distances, not exceedmg a few hundred yards Spread of the epizootic to great 
distances m a short time is therefore scarcely probable However, through 
the crisscross wandermgs over short distances, a gradual contamination 
of the territory adjacent to the enzootic area follows, and m the 
majontj’' of cases a spread for from 1 to 3 mdes may take place Just 
as the high density favore the spread, so does, on the other hands, a low 
rodent density impede and strangle the extensions of the epizootic, m fact, 
m many instances it may limit or even hqmdate the enzootic area Smce the 
phases of the hfe-cycle vary accordmg to the regions m which the squirre 
reside, awakemng from hibernation, reproduction, dispersal of the young, t e 
state of the x'egetation, whether green or desiccated, may be subject 
siderable shifts, and therefore may affect the duration and the course o e 
epizootic Of importance is the fact that the ammal epizootics depend out e 
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eses not m harmony with newer ecological thought TlTiaterer disagreement 
may exist among experts regarding the efficacy of the suppressive measures 
against wild rodent plague by shootmg, poisoned barley mixed with stiychmne 
or thallium, carbon bisulfide and methyl bromide, it is well to remember that 
thej’’ have had the contmuous mterest of the Cahfomia Health and Agncultura! 
authorities for the past 30 years, and stiU they remain unsolved Hou ei er, con- 
trary to the belief too often held by the laity and even by those who are famihar 
with sylvatic plague, an epizootic among wild rodents is by no means alirays 
followed by human P pesiis infections The huge plague regions m Russia 
furnish many convmcmg examples Durmg June, 1913, a severe epizootic 
affected the squirrel population of the Astrakhan steppes m the incuuty of tiro 
xiUages with a population of 6,000 At least 75 per cent of 1,243 cadavers of 
sushks and hares scattered over the pastures proved to be plague-infected, yet 
no case of human plague was diagnosed Similar situations have been obsen’’ed 
m 1930 m the steppes of the Urals Although the factors influencmg this loir 
transmissibihty are entuely unknown, these mass observations in conjunction 
with the expenences m the North Amencan Continent dunng the past 30 years 
should help to alienate to a certain extent the fear which the presence of sjhatic 
plague contmues to create among misinformed groups of people 
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From a rare and obscure disease human psittacos^, so named bv ^Morange m 
1S95 though doubtless first observed by Jurgensen m 1S76 and definitely de- 
scnbed by Ritter (1879) as a typhoid pneumoma contracted from exotic birds, 
vras suddenly raised mto a malady of world-mde mterest, tvhen m July, 1929, 
Baxros informed a number of promment physicians and later the ^ledical Society 
of C-drdoba, Argentina, concerning the appearance of over 100 cases of a serious 
and pecuhar pneumoma among the inhabitants m the provmce. He diagnosed 
the infection as psittacosis, since the epidemiologic investigations shovred that a 
large consignment of 5 000 pattacme buds imported mto Argentine from Brazil 
and offered for auction under the most insanitary condinons served as the focal 
center for the dissemination of the iDness A destrucuve infection m the hght 
of present day knowledge unquestionably pattacosis had broken out and the 
managers, anxious to sell as many hvmg birds as possible, disposed of their 
stocks with great rapidity Purchasers and re-purchasers auctioneers etc 
became ill and some died The auction was then transferred to Tucuman the 
bud mortahty contmued, and with it human cases flared up m every quarter of 
the city Local attention was directed to the strange disease when several 
epideimcs developed in the capital of Argentma Buenos Aires, durmg the month 
of October, particularly when two members of a theatrical troupe of 12 persons 
died, all of whom fell ill foUowmg the use on the stage of a parrot which came 
from the ongmal importation to Cordoba These events fully warned the 
population, and the trade m parrots was stopped entirely m Argentina How- 
ever the passengers of steamers c allin g at the ports ignorant of the existence of 
an epidemic disease of parrots transmissible to man bought many of the m- 
fected buds from unscrupulous dealers Thus the malady was conveyed to at 
least 12 different countries It reached the Lmted States m November, while 
England already reported cases m July and then m December Durmg the 
early months of 1930, the newspapers gave accounts m Austria, Italy, Switzer- 
land, France Denmark Algena, Holland, Egypt, Czechoslovakia Germany 
and Sweden. In many of the reports it was stated that shipments of sick par- 
rots had arrived m the countries before the cases were observed However, a 
critical perusal of the records of 1930 leaves no doubt that the South American 
parrots were not the only sources of infection General mterest m the new 
disease called attention to these infections and what under ordinary circum- 
stances would have been dismissed as an atypical pneumonia was correctly 

* De Laraar Lecture deln ered at the Johns Hop'-acs Emveratv School of Hvpcne and 
Public Health 
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quite broad, and hence spontaneous parasitism of many birds and even mam- 
mals may be anticipated 

In order to assure for the future a more descriptive and uniform nomenclature, 
it appears desirable to replace the designation psittacosis and select a name which 
takes mto consideration the pnmaiy^ sources of infection, which are not of 
psittacme ongm The anan infection, which is frequently latent and m its 
chmcal manifestations by no means characteristic, should be descnbed as 
“Onuthosis" (onus = (ormth) = bird) For the human disease, the same 
designation would be appropriate Perhaps, m order to emphasize the specific 
anatomically distmct type of pneumonia which so often governs the chmcal 
picture, one could use the succmct term "ormthotic pneumonia” or "pneumoma 
ormthosa ” Haagen and IMauer, gmded by similar ideas, suggested the re- 
placement of the designation psittacosis by “nrus pneumonia” or epidemic 
pneumoma The latter would distmguish the psittacosis pneumoma from that 
caused by bacterial agents, but such a proposal does not take mto consideration the 
fact that, aside from the specific influenza pneumoma, other nrus pneumonias 
have and will be discovered An endless confusion would follow In future, 
it may be adnsable to record with an appropriate adjective the ongm of the 
iTTUs as, for example, “psittacme ’ ornithosis and “columbidian” onuthosis 
In this lecture the designation psittacosis is used to mdicate an infection with a 
defimtelj* proven virus of psittacme ongm, while onuthosis descnbes human and 
bird infections due to psittacosis-hke agents of non-psittacme denvation 

The knowledge concemmg psittacosis and ormthosis which has accrued dunng 
the past 10 years, although still mcomplete m a number of details, unrolls 
an mtngumg mteraction of a virus, parasitism m birds, and emironmental 
factors, which ultimately led to accidental infections of human bemgs There 
13 no doubt that onuthosis, hke plague, is a self-regulatory ecological multiple 
factor phenomenon, which is capable of descnption Such a deductive epidemio- 
logic narrative is attempted m the paragraphs which foUow 

I THE “viRIjS” AND THE METHODOLOGY OF ITS DEMONSTRATION 

The hypothesis of l^ocard (1892) that the avian disease responsible for the 
human infections m the Pans epideimc studied by Dubief (1893) is m some way 
connected with the gram-negative motile bacillus {S typhi munum, Bambndge, 
1912) he had cultivated from the bone marrow of the dned wmgs of parrots 
that had died on the voyage from South Amenca, failed of confirmation, smce 
neither NicoUe m 189S nor anj' of the subsequent miestigators were able to 
find It m the excretions or tissues of fatal human infections Independenth* m 
1929-1930 and m rapid succession bj' Krumwiede and his associates, Armstrong 
and McCoy m the TJmted States, hy Leimthal m Germany, Bedson and Western 
in England, and Sacqu6p4e m France, the filterable “nnis” character of the 
disease agent m the splemc and hepatic emulsions from parrots and humans 
suffenng from this malady was established With sterile filtrates, the disease 
was reproduced m healthy birds Of particular importance and as an 
mvaluable aid to psittacosis and onuthosis research was the discoieiy bj 
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diagnosed as psittacosis In England, the United States, Austria and Switzer- 
land parrot fever was obseiwed to develop following contact with lovebirds 
and canaries The pandemic era of 1929—1930 with approvunately 750-SOO 
human cases of psittacosis was abruptly termmated when m the early months 
of 1930 the pubhc health agencies of every countiy that had heen affected 
established either strmgent import regulations, or quarantme restnctions pro- 
hibitmg the admission of any birds belonging to the large group known as the 
“Psittaciformes ” 

With the discoveiy by Meyer and Eddie m 1931 and 1932 of a wide distnbu- 
tion of latent psittacosis m the local breedmg establishments and ananes of 
Cahforma, subsequently likewise recognized m Germany by Fortner and 
Pfaffenberg, m Austria by Gerlach, m France by Aujaleu and Jude (1936), 
m Holland b 3 ' Ruj's (1933), m England by Leiunthal and m Canada by 
Maclsabb (1941), the endeimcity of the infection mvolvmg another 600 
human victims and the exammation of thousands of psittacine birds offered 
a splendid opportimity to many mvestigators for a thorough study of the 
disease from a chmcal, etiological and epidemiological pomt of view 
Once the chmcal picture of psittacosis had become familiar and laboratoiy 
methods for its diagnosis had been developed, further cases not asso- 
ciated ivith South American parrots or parrakeets contmued to be recog- 
mzed Cananes and finches were occasionally responsible for human cases of 
psittacosis IVhen Meyer and Eddie found that several buds m a cargo of 
native Austrahan budgengars were infected when they arnved m California 
(1934), although there had been no contact with any known source of infection, 
and when further two consignments of Austrahan parrots heavily infected with 
psittacosis had arnved m London (Levunthal, 1935), Burnet imtiated his de- 
tailed mvestigations on psittacosis m wild Austrahan parrots Endence of 
the disease was proven m each important group of the true parrots, the lorikeets 
and the cockatoos Thus, the parrot-man infection cham appeared to constitute 
the sole problem and the order of Psittacifonnes the principal resenmir of 
infection, while certam highly susceptible species of finches and cananes became 
diseased merely through contact with diseased parrots or parrakeets This 
behef was soon recogmzed to be ill-founded when Haagen and Mauer m 1939 
had shown that m the Faroe Islands the fulmar or petrel (Fulmarus glaciahs) 
IS mfected, and is the source of human cases The epidemiologic mvestigations 
m progress smce a fatal case of human psittacosis m Cahforma was traced to 
racmg pigeons and another case m New Jersey to a flock of chickens owned b} 
the patient, have m recent months disclosed m the ubiqmtous pigeon lofts an 
even larger resert'ou of the virus than that demonstrated m aU the parrakeet 
avanes combmed In the differential diagnosis of at 3 qjical pneumomas, since 
psittacosis IS mfluenza-hke m its course and is not influenced by modem chemo- 
therap3' with sulfonamide drugs (Rudd and Bumet and ]Me 3 mr), the mfection 
becomes mcreasmgly more important Where febrile disease occurs m rnsn 
apparently as the result of contact with any t3’pe of birds, psittacosis will aie 
to be borne m mmd The known mfection spectrum of the mfectn e agen is 
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:afe reagents may be prepared bj* simply boilmg suspensions of the elementarj* 
lodies Furthermore it is of practical mterest that one antigen fraction may be 
mmmon to the virus particle of h-mphogranuloma venereum trachoma Not 
resistant to glycenne it vrithstands desiccation for months and remains active 
at very loiv temperatures (— 76°C ) for over a year It is qmte labile to heat 
(15 mmutes at 70''C ) The infectiousness of sputa or organs is markedly re- 
duced by the deletenous effect of microbian actimties 
Experimentally the virus is transmitted to a vanetj* of psittacme birds, 
finches, canaries, pigeons and chickens, it should alvrays be borne m mmd that 
these birds may carry latent ormthosis or Salmonella infections which may lead 
to erroneous findmgs ^loreover, m the infected state they are dangerous 
sources for the only too frequent laboratory infections The white mouse 
preferablv a stram highly susceptible to bacteria and not necessarily to neuro- 
tropic VITUS infections, has displaced the birds as a umversal and relativelv safe 
experimental ammal except m rare instances when the Java ncebird {Muma 
oryznora) offers advantages As a rule, the specimens consistmg of sputum 
samples, organs (lung, spleen and hver) of man and of birds (spleen, hver and 
kidney) m the form of extracts or carefully pulped emulsions m broth are m- 
jected mtrapentoneallj- The experimental disease m the mouse mduced by a 
“psittacme” but not bv a ‘ columbidian’ virus is very characteristic Accordmg 
to the amount mjected and the mfectiousness of the inrus the ammal succumbs 
after 2 to 30 days An enlarged spleen, hi er necroses, a serofibrmous pentoneal 
exudate with abundant iirus elements m the reticulo-endothehal cells, occasional 
patches of pneumonia resultmg from a destruction of endothehal cells, and steril- 
ity of the organ suspensions on the usual culture media prove the psittacosis 
nature of the mfectious process When the virus is of low infccliiiiy for mice 
enlarged spleens without any defimte elementary bodies may be suggestii e of 
the ormthotic virus It is then adiTsable to test for the infective agent by 
vitraccrclral and nasal passage administration of splemc emulsions The en- 
richment of the M W P bodies m the memngo-choroid structures or m the lungs 
furnishes smears which are diagnostically defimte and conclusive Alice 
moculated subcutaneously with small doses of virus or fed with it may survive 
the mfection for over 400 days and exhibit a stenle or non-stenle unmimity 
Extensive and highly characteristic pneumomc lesions may be mduced by mtra- 
tracheal mjection of gumea pigs (Fortner and Alever and Eddie) rabbits sqmr- 
rels (Alei er and Eddie) and monkeys (Rivers and Schwentker) These ammals 
are of httle value m the prunaiy isolation of the vmis or m diagnostic work, 
honeier, they are frequentlv used for immumty studies ATrus passages 
through mice stabilize the mf ectmty and mamtam it for hundreds of generations 
The epidemiologi* of human psittacosis or ormthosis depends upon the demon- 
stration of the specific agent m the sputum (Rivers and Beny) or blood (Bedson 
Alever and Eddie), or the spleen or lung of the patients At any stage of the 
disease the sputum is the most likelv material to neld positii e findmas on in- 
oculation of unfiltered centrifuged sputum extracts m broth mto mice and m 
order to overcome the pneumonic flora which may be present, mto ncebuds 
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Krumwiede, ]\IcGrath and Oldenbusch that the 'virus is leadily transmitted to 
uhite mice Furthermore, m new of the fact that onlj' filtrates through the 
coarser giades of Chamberland candles ■were infectious, the ■nrus particles were 
promptly demonstrated bj* a number of workeis m the early months of 1930 
These bodies generally' described as Levintlial-Cole-Inlhe bodies (L C L bodies) 
measuie 0 22 to 0 3fi, are readily’ demonstrable m the emdates, blood and organs 
of diseased birds, mammals and man Their rmcrochemrcal reactions (readily 
stamed by’’ the ]\Iacchiavello or Castaneda techmc for nckettsias, mth Giemsa, 
haematoxydm), and their morphology as ■well as the multiphcation withm re- 
ticulo-endothehal cells or cellular elements of tissue cultures places the bodies 
more m the group of bacteria than the true Miuses By comparison ■with other 
morphologically risible muses their position is imique (Robmow and Bland) 
They are both Feulgen and Castaneda positive, while the rims of lympho- 
granuloma IS only Castaneda positive The vaccinia particle is not demonstra- 
ble by’’ either method 

The rmcroscopically^ discermble development stages of the particles show 
mt hi n the mvaded cells an early’’ matrix (“plaque” of Bland and Canti, “in- 
clusion body’” of Lennthal) m which the elementary bodies develop in great 
number, these nrus colomes release the nunute coccal bodies or the Micro- 
baclerwm multiforme psittacosis (M hi P bodies) From a historical point of 
view the claims of Lennthal, who saw the great variability’ m the size of par- 
ticles, must be recognized, and the name proposed by’ him desen’es pref- 
erence or*er the designation L C L bodies (Yanamura and hley’er) 

The number of elementary’ bodies encountered m infected birds, mammals 
or man may* r’ary’ greatly Usually’ m acute e'vpenmental infections m birds 
and mice they’ are readily’ seen in the spleen, hver, lung or bram lesions In 
human material, m birds and m mammals, or when multiphcation is restneted 
as, for example, m older infections of resistant mdi'viduals, the few bodies which 
may be seen are difficult to identify These elementary’ bodies may’ be obtamed 
m a high state of punty by’ fractional sedimentation of organ emulsions or from 
cultuies m an angle centnfuge They grow freely’ on the chonon-allantoic 
membrane of the chick where they’ produce pock-like lesions (Burnet and Rown- 
tree), or m hquid and on sohd media of the Zmsser-Fitzpatnck-Wei type 
Although gro-wth may be ty’pical and abundant, the infectiousness for mice an 
birds may’ graduUy dechne after 300 passages Xo e'ndence for multiphcation 
m lifeless media devoid of viable cells has been presented As isolated elements, 
they aie readily’ agglutmated by’ specific antisera or serve as suitable antigens 
m the complement fixation test Smee the infectmty depends on the number o 
elementary bodies present m the infective filtrate and smee filtrations throng 
collodion membranes which retam the particles are non-mfectious, it is now 
generally beheved that the Microhacterimn mullifonne psittacosis is the actu 
■virus and the cause of ornithosis Concemmg its antigenic composition, re a 
tivelv httle is kno'wn, though the studies by’ Bedson disclosed a component w c 
is resistant to boilmg, while another is rapidly destioy'ed at this temperature 
Smee the heat resistant antigen is mvoh ed m the complement fixation tes , 
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Unfortunatelj’^, the \*irus is not always present and repeated e\aininations are 
essential Even under ideal conditions of collecting and shipping of specimens, 
less than 50 per cent of the sputa, when thej’' are obtainable, are infectious 

The complement fixation test with heated antigens prepared from spleens of 
infected mice (Bedson) or cultures (Me}^!, Eddie and Yanamura) has proi en of 
mestnnable value m the earlj’’ diagnosis of the disease pronded the patient does 
not suffer from an mapparent infection vith the iirus of lymphogranuloma 
venereum usually mdicated bj' a positn e Wassermann reaction (Rake and as- 
sociates) Alread3’' on the 8th daj’’, a reaction of 1 4 and a rapidly nsmg titer 
up to 1.256 vathm the next 15 daj's has mvanabl3’' been associated with true 
psittacosis or the ormtbotic pneumomtis infections (jMe3W and associates) 
A persistence of the antibodies has m man3'^ patients permitted a confirmation of 
the climcal diagnosis m retrospect 

The mouse moculation method is equall3" useful m the search for the 111113 m 
birds. It IS adnsable to moculate emulsions of the organs separatel3^ or to mclude 
m the pools portions of spleen, hver an'd kidne3>- Smce the nxus is frequently 
found m the cloacal content, suspensions of this portion of the mtestmes mai be 
tested pronded cultures on bnUiant green media hai e proi en the absence of 
Salmonella typhi murium, an organism frequently present m South American 
parrot species and locally raised pigeons as an mdependent mapparent infection, 
or as an infective agent accompan3'mg a latent or acute avian ormfhosis Fil- 
tration through collodion membranes (450 m;i) must then be made, and the 
bactenal stenht3’' of the filtrate detennmed before the moculations are made 
Early studies designed to apply the complement fixation tests to the diagnosis of 
bird infections proved unsatisfactoi^-, particularly when the weakly^ antigenic 
splenic suspensions of mice were employed as antigens With the use of cul- 
tures first as cocto-antigens from Rivers-Li cultures and more recently^ from crude 
suspensions of cultures on Zmsser-Fitzpatnck-Wei media (Yanamura and 
Aleyer) the results were different and diagnostically’^ mvaluable as mdicated by 
the data summarized m Table 1 

Infected psittacme birds, finches and pigeons give defimte complement fivi- 
tion reactions They may be strongly (1 1284 — 1-++) to moderately^ positwe 
(1 2 to 1 4-{--|- + -f-) m birds which harbor the iirus m a latent state m the 
spleen, hver, kidney and cloaca In larger parrots and pigeons the serum re- 
actions are usually^ positive m higher dilutions than m parrakeets Sera 0 
immature parrakeets with -virus demonstrable m the tissues may^ contam w 
antibodies Similar observations have been made on sera obtamed from coc a- 
teels (about 15 pei cent) and pigeons (probably 50 per cent, actual number un 
known due to difficulties m isolatmg the vims) For the present, there is no 
satisfactory- e-qilanation for the mconsistencies One would have to comi er 
three possibihties (a) In immature parrakeets, which are infected but wit lou 
serum antibodies, immunological immatunty- may play a role, (b) the infections 
are m their early^ stages, or (e) circulatmg antibodies are temporarily- of a on 
level at the tune of bleedmg Irrespective of these apparent discrepancies, e 
complement fixation test is most useful m the detection of psittacosis or ormt 0 
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to consisT of mfected birds That the sertcn antibodies may persist, althon^ 
the organs are apparently free from tinis is not surprising when it is realized 
that their nroducnon may be reactivated by the constant esposnre of the birds 
to g-i-irTi doss of virus in an infected aviary or tha" the virus may be present 
in snbiniective doss in the tissns esnmined In practice the complement 
nxanon test on avian specis is most useful to detect qurchly the existence of 
Tssrrtacoss or oinithoss in a group of birds and to segregate the infected from 
the non-inf ected The latter must by necessty be subjected to repeated tsts 
after they have been separated from the infected lot Experience has taught 
that at the end o: 2 months, if no antibod.s develop in their sera they are non- 
infected and may be safely released. Birds which ave positive reactions 
should be destroyed even thon^ they may. by the end of 1 to 2 years m iso- 
lation. free themselves of the vmis and the senun may then become negative. 
The icse of the complement nxatiQn test in the epizootiology of avian psittacosis 
has two disadvantages (o) the handimg and bleedmg of parrots endangers 
those who are no* immime it should only be entrusted to persons who give 
ssrolomcal evidence of a past inappaient infection or to those who wear prop- 
erly constructed mashs' and (61 it is unpractical to secure enou^ blood from 
the wing veins of birds the size of parrakeets but smce the legal control meas- 
ures require the labora*oiy exammatioii of the saciinced birds, the blood tests 
supplement the anatomical inspections and the moculation tets on mice To 
protect valuable bird collections in zoological gardens the routine Quarantine 
procedures to which imported buds are customarily subjected may be short- 
ened and may be made more enective throu^ apphcation of the serum tests 
As a tool to estabhsh the existence of oimthosis infection in pigeon lofts it is 
invaluable The technique for testmg chicken sera has not as yet been per- 
fected m its place the agglutmanon test give useful inioimation 

n ZHU PAsisxziSM or tss vzstrs rx nsirzAcixi: berds 

One of the important contributions of recent years is the recogmnon that 
close to 50 species belonging to five large orders m the class Ar.-s may sponta- 
neously be mfected with the parracosis virus This distribution of a vast 
reservou of the varus is presented m Table 2 but it is unportani to emphasize 
that it cannot be considered by any means complete 'With the apphcation of 
newer meinods of invesngaTion the exn*ence of psittacosis m species not as yet 
recozmied or hstea must be expected and kept contmuously m mmd In fact 
the phylogenetic study of the natural hosts of psittacosis or ornithosis is still 
a prob’em to be solved Tne coarse of the infections has been observed and 
sr.cued on a relatively few Since the shell parrakeet (dJtVpt f cf is uau ^c' s} 
has oLyed a prominent role, data concerning the nptural lustorv of this renre- 
sentative of tne family Psittac dae mav be of general interest 

Saowly after the recognition of the exi5*ence c* psittacosis m the avianes of 
Caluoima a large numncr of the shell parrakec*s were broucht to the labo- 
ra*o*v lor obscreatton and excuumation These birds had been known bv many 
names in tae pasr such as rebm parrakee's undulated narrakeets wu’-bling 
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Cockateel, Nymphtcus 
hoUandicus — Continued 


Mask, Agapomis personata 


Cockatoos, Kat aloe galenla 


Cockatoos, Kakaloe 
sangutnea 

Cockatoo, Kal aloe 
Tosetcapilla 


Shell parrakeet, Melopsittaciis 
undulatxis 


TABLE 1 — Concluded 
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* Immature, all other parrakeets and all cockatoos mature 


SIS m an atiarj’^, bamj'-ard or in an importation of tropical birds AH the ca- 
dence recently collected on 250 parrakeets from suspected avianes has proven t e 
absence of infection by moculation of the tissues, nhen a 10 per cent sample o 
the amary juelded birds with negative complement fixation reactions On t e 
other hand, a shipment of psittacmes or pigeons from a loft with over I or 
per cent positive sera has mvanably been proven bj' the mouse moculation tea s 
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Erass parrakeets or canary parrots In England and among bird fanciers the 
name Australian budgengar (a corruption of ‘ Betchenygah the name the 
Austrahan aborigmes call them meaning 'Pretty Bird ) or shell parrakeet is 
the most popular The colloquial designation love-bird is misleadmg smce 
this name is correctly apphed to parrot-hke birds {Agaponus) vrhich originate 
from Afnca The shell parrakeets are found as native birds on the large grassy 
plains of Australia feedmg on the flowers and seeds of the long grasses Their 
breedmg places are chiefly m the southern parts but m the dry season when their 
food IS scarce they emigrate northwards breedmg m holes of decayed tree trunks 
into which they burrow like rats hundreds of pairs sometimes nesting m the 
same tree The wild budgengars average from 7 to S mches long the rump is 
bnEcht grass green and the back up to the crown of the head greenish black 
each feather being edged with bn^t yellow Sexes are distmguishable chiefly 
by the ceres at the base of the uppier mandible which m the male is always dark 
indigo blue after it is about 4 months old In the female the color is usually 
buS to brown at the height of the breedmg season The hens lay on alternate 
days 4 to 6 white eggs (m captivity as many as S to 10) Incubation is about 
20 days and smce the hen commences to sit with the first egg there may be 
10 to 12 days difference m the ages of the young The young budgengars are 
not feathered and St to leave the nest until they are at least 5 weeks old They 
are sexually mature when about 6-S months old, the pencilmg disappears at 
that time and a yellow forehead is readily recognized The bird is then desig- 
nated as bemg capped 

Importations to England and the Emted States were made as earh* as 1S70 
and from that time on the avicultunsts have made it one of the most popular 
cage birds largely on account of the many attractive color vaneties which can 
be created through cross-breedmg A demand for these vaneties which were 
formerly ranties and the prolific breedmg habits and the hardmess of the species 
have made the shell parrakeet the cage bud par excellence It is now bemg 
raised m every section of the Umted States where the breedmg m captivity 
by 1925 has become a commercial enterprise largely on account of export restnc- 
tions imposed on the natii e buds by the Austrahan Commonwealth m 1933 
In California production reached its peak m 1930 The stocks came from van- 
ous sources mostly Japan It may be of mterest to note that accordmg to 
reliable reports occasionallv the shipments were greatlv decimated bv ‘septic 
fever caused by overcrowdmg m duty cages 
The exammation of shell parrakeets for psittacosis mfection was greatly 
facilitated by the early recogmtion that the young immature buds known as 
‘ cravlers doubtless the products of mtensive m- and ex-breedmg were 
particularly prone to suffer from psittacosis Sick parrakeets of aU ages are 
sometimes recognized by then behavior and appearance They show signs 
of sleenmess sit motionless on the pierch with ruffled feathers and semiclosed 
or coniuletelv closed e> cs and exiiibit fits of shivenng or convulsions A loss 
of ucignt with a protnidmg breastbone and labored breathmg due to mucus 
at tt e nasal onffce is fairly common In a relatively small percentage there 



TABLE 2 

The Dislrihuiton of Spontaneous Psittacosis Infection in the Class Aics 

A'omenclature according to J L Peter’s Checklist of Birds of the World, I to W, Cam- 
bndge, hlassachus etts and Birds of British Museum, 1888, XII, London 
Order Procellaniformes (1) 

Family Procellanidae Fulmarus glacialis 
Order Galliformes (1) 

Family Phasianidae Callus gallus (chicken vaneties) 

Order Columbiformes (1) 

Sub-family Columbinae Columbalivia livia (pigeon vaneties), Streplopeliadecaocto 
decaocto and Streplopelia semitorquata ? (Doves) 

Order Passenformes (12) 

Family Ploceidae 

Sub-family Viduinae Lagonosticta senegala L (firefinch), Munia orjznora 
(ncebirds), Uroloncha stnata (Bengalese finch), Poephila mirabilis, P 
gouldiae and P acuticauda (Lady Gould finches), Zonaeginthus guttatus 
Family Fnngilbdae 

Sub-family Fnngillinae Carduebs carduebs and C major L (gold finch), Chnso 
mitns tnstis (gold finch), Sennus canana (canarj’), Pyrrhula europaea 
(bullfinch), Cyanospiza cins L (painted bunting) 

Order Psittaciformes (19 genera and 31 species) 

Family Psittacidae 

Sub-family Lorunae 

Genus Tnchoglossus (lonkeets) Tr chlorolepidotus (Kuhl), Tr haematod 
moluccanus (Gmebn) 

Genus Kakatoe (cockatoos) K s sangumea (blood-stained cockatoos), 
K galenta galenta (Latham) (sulphur-crested cockatoos) 

Sub-genus Eolophus (galah) Kakatoe roseicapilla roseicapilla (Vieillot) 
(pink parrot) 

Genus Nymphicus N hollandicus (Kerr) (quarnon, cockateel) 

Sub-family Psittacinae 

Genus Ara A macao (macaws) 

Genus Aratinga A pertinax tortugensis (paroquet), A pertinav margari- 
tensis 

Genus Nandayus X nanday (Vieillot) (black-headed parrot) 

Genus Forpus F passennus Spengeb (Hartland) (parrotlet), F conspicil- 
latus conspicillatus (Lafresnaje) 

Genus Myiopsitta M monachus monachus (Boddaert) (green paroquet) 
Genus Graj didasculus Gr brachyurus (Kuhl) 

Genus Pionus P menstruus (Linn6) (blue-headed parrot) 

Genus Amazona A festi\a festiva (L ), A barbadensis barbadensis (Gmebn), 

A aesti^a aesti\a, A ochroeephalus panamensis (Panama jelloir 
headed parrot), A albifrons albifrons (spectaeled parrot) 

Genus Psittacus Psittacus enthacus enthaeus (LinnS) (Senegambian love- 
bird) 

Genus Psittacula Ps kramen mamllensis (Beckstein) (parrotlet) 

Genus Poljtehs P anthopeplus (Lear) (regent parrot) 

Genus Absterus A sc scapulans (king parrot) 

Genus Agaporms A roseicolbs (Vieillot), A personata (Reichenow) ( rica 
love-birds) , 

Genus Platjcercus (Rosella) PI elegans elegans (cnmson parrot) (Gme i 
PI evimius exuruus (Shaw), P zonanus semitorquatus (Quov an 
Gainard), PI a adiscitus, PI eximius cecilae 
Genus Psephotus Ps haematonotus (Gould) (grass parrot) 

Genus hlelopsittacus M undulatus (Shaw) (budgengars, parr^ee^ 
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tile immature birds Tnth moderately enlarged spleens cany tbe virus more fre- 
quently Tban the old parrakeets For example m an aviary 4S per cent of the 
immature and S per cent of the mature parrakeets harbored the virus Further 
it became apparent that the birds contract their psittacosis mfecnon very early 
in hie, even m the nest or congenitally At least in 3 parrakeets the ovaries and 
in another the yolk of the egg found m the oviduct carried a weak virus The 
2^Iicrobacterium leaves the body of the shell parrakeets and, as a matter oi sact, 
of parrots and of parrotlets by way of the cloaca and the nasal mucus In the 
acute stase both rout^ of ehmmation may simultaneously function although 
individuals may be encountered in which no virus ehminanon can be demon- 
strated The cloacal content is highly infectious when the birds exhibit signs 
of diarrhoea and polyuria. Smce the kidneys are nch in virus and the small 
mtestms and colon are not it is reasonable to suspect that the urme is the 
vehicle for the vims Parrakeets with latent infections if not in the incuba- 
tionary stage elimmate the virus m small amounts; consequently they are less 
dangerous thnu acutely ill birds which contaminate the environment with himily 
infectious fecal material 

Expenmenial infections have proven the great susceptibihty of immature 
shell parrakeets but they have furthermore shown that the infections with 
massive doses are not always fatal Certam non-infected aviaries furnished 
parrakeets which upon injecnon with one million fatal mouse doses yielded 
only 10-15 per cent deaths and 40 per cent carriers This native mnate 
resistance is probably of genetic origm- it is certainly not conditioned by demon- 
strable antibodi^ but such birds are capable of destroying large amounts of 
virus withm le^ than 3 weeks In mature parrakeets raised in non-infected 
aviari^ the liability to fatal infections may entirely disapiiear but the suscepti- 
bihty remains constant and approximately 50 per cent carriers develop as a 
sequel to the inoculation of the virus Latency has been proven for at least 
3S5 days it may doubtl^ be longer in individual parrakeets although the 
majority will free their organs within 2 to 14 months Immature and mature 
budgerigars from infected aviaries acquire more rapidly a sterile immunity rljan 
those from non-mfected premises It is reasonable to presume that the birds 
which have been infected m the nest are partially immune to re-infection thus 
they win oSer the virus merely temporary lodgmg for mulriphcation but aid 
in the re-establishment of the mfecnon chain In fact m infected aviaries, 
parrakeets which harbor the virus m the nares (probably inhaled) or m the mtes- 
tmal content (ingesbon of soiled seeds) without mfecnous organs have repeatedly 
been encountered. 

An infecnon which is so c'nm/'nt/y Wen* has a variable incubation time The 
mterval between mjecLmn and death vanes between 5 and 9S davs (Mever), 
m exposure tests of healthy parrakeets to earners m a cage the onset o' symp- 
toms was on the 65th and death on the 75th in another bud on the 95th and 
death on the 103th day of the contact period Ten of 17 parrakeets exposed 
omsented on the 9Sth day lesions of psir-acosis and tbe virus was demonstrated 
m toe sp’een of S Other experiments suggest that these inanparenr infecnons 
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may be diarrhoea with greenish stools or more often soiled tail feathers mth 
grayish, mortar-like urate concretions Birds may remam m tins stage for 
several dai's and then die suddenlj* or make a slow recoi erj^ Signs of this sort 
are not t3'pical for psittacosis, the autopsy and the laboratory tests are all mporianl 
t 7 i order to determine the cause of the illness A parrakeet dead or acutely lU, or 
recenth' recovered from an attack of psittacosis, shows at postmortem a few 
drops of mucus on the ceres, atrophic pectoral muscles, a large, hea\3, tough, 
shghtl3- saffron to ochre colored hver, occasionaIl3’- (m about 10 per cent) studded 
with fresh or partiall3' healed necroses and infarcts, a shghtb^ enlaiged and 
congested spleen, vei3' rarel3’ a few consohdated patches of pneumoma m the 
lower portions of one or both lobes of the lungs The j\I ]\I P bodies may be 
readily seen m smears or b3’ moculations mto rmce, the “virus” ma3^ be demon- 
strated m everw- organ, even the blood The cultures prepared from the tissues, 
as a rule, are sterile on hfeless media Histologic exammation of the lanous 
organ structures reveals proliferation and destruction of the reticulo-endothelial 
system m the hver and the spleen, the mam centers of multiphcation of the 
■virus, enormous numbers of monoc3’tes are usuall3’^ present m the spleen In 
the kidne3's, the tubular epithehal cells, the glomerular capsular epithehal cells 
and the denseb’^ infiltrated mterstitial spaces between the tubules are likewise 
the site of growth of the Microhacterium multi forme psittacosis 

In the early stages of the studies, the visibh’' health3', well-nounshed shell 
parrakeets with essentiall3’' negative autops3' findmgs, evcept a shghtly or defi- 
nitel3' enlarged spleen, became mcreasmgh* more important when it was proven 
that the splemc and hepatic emulsions on moculation mto mice produced psit- 
tacosis These latent, inapparent virus infections represent the comer stone of 
the entire psittacosis and ornithosis problem On them recognition rests the 
present-day control measures To detect m an anar3^ the presence of psittacosis 

by lookmg for sick shell parrakeets is of httle value, but the autops3' of a 10 to 
20 per cent sample and the testmg of the organ pools on mice has furnished con- 
clusive eindence on which quarantme, and ultimateb^ destruction, mai^ be 
enforced Thus m the course of the past 10 3’ears the Hooper Foundation autoi> 
Sled and tested 7,560 and the Cahforma State Department of Pubhc Healt 
(IMiss D Beck) exammed 19,280 or a total of 26,842 shell parrakeets Tto 
extensive e'^penence has taught that the degree of latent psittacosis ma} 2 
predicted 63* the percentage of spleens exceedmg m diameter the normal ai erage 
of 1 to 2 mm However, it must be mentioned that not ever3' enlarged spleen is 
infectious, or that birds with grossh' normal spleens may not be mfected Spleens 
over 7 mm may be free from vmis, but 2-3 3"ear old parrakeets with m3 eloma 
hke spleens (23-24 mm diameter) may cany the lurus not onl3' m the sp een 
but m the hver as well j\Lcroscopic exammations of organ smears rare 3 , 
ever, show 13111031 virus particles, but certam small mtracellular acidop 
discs have assumed some diagnostic significance 

The percentage of imis-caniTng birds m a pen or m an entue ^ 

detenmned by autopsies and moculation tests of the organs of mdividu 1 '> 
it varied a few years ago from 10 to 90 per cent In general, it was proven 
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jorme ‘psittacosis is present in large numbers, free or m monocytic cells In the 
fevr pigeons m vrhich pneumomc patches were demonstrated, the Salmonella 
organisms were mvanabh* isolated from the lesions Latent infections are 
characterized by enlarged dark purplisb mottled or pale spleens and soft grayisb 
kidneys Organ emulsions from such birds produce on mtrapentoneal mjection 
mto mice de finit ely enlarged spleens without defimte fin d in gs of elementary 
bodies Suspensions of such spleens mduce m mice on nasal administration 
focal or lobular, rarely fatal pneumonias, and on mtracranial injection a fatal 
chonomenmgitis with an enormous number of !M 3^1 P bodies Even contmuous 
passage through mice fails to enhance the infectivity for t h is rodent, despite the 
fact that the virus may be highly pathogemc for ncebirds and parrakeets 
As a whole, there are considerable variations m the infectivity even for doves 
{Slreplopdia risona) which, as a rule, are free from ormthosis Some strains 
readily mfect by the mtramuscular route, aU are pathogemc on mtracr an i al 
administration On the other hand, pigeons (Columba varieties) which appear 
healthy and show no complement fixmg antibodies against “psittacosis” may 
carry the thus m their tissues , it is thus not surpnsmg to find such buds immune 
to mtramuscular infections Xo chmcal manifestations are noted, but antibodies 
appear promptly m the blood sera A few may succumb to massive mtra- 
cranial infections Until a method has been developed to detect latent ormtho- 
sis infections m pigeons, the experimental study of the host-parasite relationship 
cannot be undertaken with any degree of success At least for the present, the 
remarkable resistance to feedmg or mtramuscular mjection of pigeons to nrus, 
already noted by Bedson and Western, is m all probabihty attnbutable to an 
acquired immumty, frequently conditioned by the persistence of the infective 
agent m the tissues How the iirus escapes from the pigeon host is not defi- 
mtely known Tests completed to data mdicate that the cloacal content harbors 
the infective agent m such low concentrations that the relatively non-susceptible 
mouse fails to react However, the demonstration of the nrus m the kidneys 
would justify the behef that the lume is infectious, and as an admixture to the 
cloacal content mamtams the infection chain Finally it should be noted that 
parrakeet psittacosis imises, even on mtracerebral mjection, fail to produce 
fatal infections m pigeons (Pinkerton and Henderson), but occasionally doves 
appear susceptible (Meyer and Eddie) However, the so-called meningopneu- 
momtis larus of Francis and liIagiQ behaves like a pigeon vmis It is fatal to 
do\ es on mtracramal and to ncebuds and parrakeets on mtramuscular mjection 
The susceptibihty of chickens to the “psittacosis” vims was anticipated by 
the successful infection experiments of Bedson and Western, Krumwiede et 
aha, Levmthal, Dahmen and Hamet Exposure experiments of 10 loimg 
chickens m pens m which sick parrakeets or those with latent infections (40 per 
cent) were held jnelded two fatal (on the 52nd and 63rd day of the exposure 
penod) and four latent infections with tj-pical lesions of splemc tumor and In er 
necrosis (Mever) It is therefore not surpnsmg that recentli' a chicken farm 
m Xew Jersei on which a human case of psittacosis had been seen jnelded at 
least 3 emaciated chickens harbormg a psittacosis-hke iinis m the spleen, hi er 
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may have occurred vrithm the first 20 da^’^s after exposure These and manr 
more observations leave no doubt that m order to detect the development of 
acute fatal a^uan psittacosis m a shipment, the quarantine penod must be 
extended to 6 months This pohcy has m recent 5’^ears been followed by the 
Umted States Pubhc Health Service for the importation of psittacme birds 

Less detailed observations on South Amencan parrots, parrotlets, Australian 
cockateels and cockatoos have, m general, disclosed an identical parastem 
of the psittacosis •varus mvolvmg anatomically m the acute disease the pen- 
cardium and the air sacs Demonstrable infection, however, may be rare, 
but enlarged non-infective spleens are probably’- mdicative of past infections 
Noteworthy, however, is the fact that the •viruses isolated from the Australian 
parrakeets and parrots never achieve the mouse infectmty of the clasacal 
strams obtained from North Amencan or Latm Amencan sources (INIeyer and 
Eddie, Bumet, Tremam) Afncan parrot-like birds, such as “peached faced” 
or “masked” love-birds (Agapomis vaneties), raised m California are apparently 
quite resistant to infection Spontaneous acute or latent infections, despite 
heai’y e'xposure m infected ananes, are rare and experimental reproduction of 
the disease succeeds only ■with difficulty. Thus, it is not surpnsmg that these 
birds have been mvolved only once m a human outbreak (New Jersey, 19f0) 

in THE "VIRUS PARASmSM IN I1NCHES AND CANARIES 

In the group of the thrushes and finches, the susceptibihty of the Java nee- 
bird {Muma oryztvora) and the canary’ is very’ high Nmety to 95 per cent 
succumb to e-qiosure or moculations m from 5 to 65 days Small mocula mar 
cause climcal disease followed by recovery and latency’ of the virus for a peno 
of 6 weeks But smee the cloaca rarely contains the virus m demonstraUe 
amounts, no provisions for transmission to new hosts hav’e been perfecteu 
Exposure of susceptible birds to virus-carrying ncebirds or canaries has never 
resulted m infection In fact, canaries hav’e nev’er caused air-bome infections, 
intimate contact, the h andlin g of dead or “doctonng” of sick birds has been 
reported as the cause, as might be e-rpected m the hght of these observ^ations 
The finches are aberrant hosts which acquire (Elkeles and Barros, IMey er an 
Eddie) their infection, as a rule, from exposure to diseased parrakeets or pai' 
rots held m the same room or aviaiy’, or through seeds contammated by’ ^ 
droppmgs of these species (Gerlach) 

rv THE PAB.VSITISM OF THE ORNITHOSIS VIRUS IN PIGEONS, 
CHICKENS AND FUL3LAPS 

The host relationship of the v-anous psittacosis-like viruses, which 1^® 
recently’ been isolated from pigeons, is m the course of a detailed study 
acute infections thus far seen may’ m reabty’ be relapses (Pinkerton and Svsa 
]Mever and Eddie) In a number of instances, the virus infections of pigeo’^ 
are compheated by’ a simultaneous presence of S typhi murium At autop^, 
plastic exudates on the pericardium and over the enlarged hver, with and vn 
out necrosis, and enlarged spleens attract attention The Micrdbacterium uw > 
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forme psittacosis is present in large numbers, free or in nionoci.'tic cells In the 
few pigeons in iiliicli pneumonic patches were demonstrated, the Salmonella 
oiganisms were invaiiablj* isolated from the lesions Latent infections aie 
characterized by enlaiged dark puiplish mottled oi pale spleens and soft giavish 
kidneys Organ emulsions from such birds produce on intraperitoncal injection 
into mice definitely enlarged spleens without definite findings of elemental v 
bodies Suspensions of such spleens uiduce m mice on nasal administration 
focal 01 lobular, larely fatal pneumonias, and on intracranial injection a fatal 
choriomeningitis with an enoimous number of hi hi P bodies Even contuiuous 
passage through mice fails to enhance the infectuTtv foi this rodent, despite the 
fact that the airus inav be highly pathogenic for iicebirds and pariakcets 
As a whole, theie are considerable aaiiatioiis in the mfcctmty e\cn for doves 
{Strcptopclia risoria) winch, as a rule, are free fiom ornithosis Some strains 
readily infect by the intranuisculai route, all aie patliogeuic on mti acranial 
administration On the other hand, pigeons (Columba varieties) winch appear 
healthy and sliow no complement fixing antibodies against “psittacosis” may 
carry the virus in tlicir tissues , it is thus not surprising to find such birds inmiune 
to intramuscular infections No clinical manifestations are noted, but antibodies 
appear promptlv iii the blood sera A few mav succumb to massive ultra- 
cranial infections Until a method has been dei eloped to detect latent ornitho- 
sis infections in pigeons, the expcrmiental study of the host-parasitc rekitionship 
cannot be undertaken with any degree of success At least for the present, the 
reniaikable resistance to feeding or intrarnusciilai injection of pigeons to virus, 
alreadv noted by Bedson and AYesteni, is m all probability attributable to an 
acquired immunity, frequently conditioned by the persistence of the uifective 
agent in the tissues How the runs escapes from the pigeon host is not defi- 
nitelv know n Tests completed to data indicate that the cloacal content haibors 
the infectir e agent in such low concentrations that the rclatu elv non-susceptrblo 
mouse fails to react Hower cr, the demonstration of the runs in the kidnej's 
would justifv the belief that the urine is infectious, and as an adinixtuie to the 
cloacal content maintains the uifection chain Finally, it should be noted that, 
parrakect psittacosis Mruscs, even on intracci-cbral injection, fail to pioduce 
fatal infections in pigeons (Pnikeiton and Hendci-son), but occasioiiallv doves 
appear susceptible (IMerci and Eddie) Howercr, the so-called mcnuigopncu- 
monitis Mills of Francis and hlagdl bcharcs like a pigeon rirus It is fatal to 
dor es on mtracianial and to iicebirds and paiiakcets on intiamiisciilar injection 
The susceptibility of chickens to the “psittacosis” rirus was anticipated by 
the successful infection expcrmicnts of Bedson and ^Ycsteln, Kiumwaede et 
aha, Lermtlial, Dahmen and Hamet Exposure experiments of 10 voung 
chickens in pens in which sick paiiakcets oi those with latent uifections (40 pei 
cent) were held Mclded two fatal (on the 52nd and G3i"d day of the exposure 
peiiod) and four latent infections with tr pical lesions of splenic tumoi and h\ er 
necrosis (Alcrci) It is therefore not sui prising that rccontlv a chicken faini 
in New Jciser , on which a human case of psittacosis had been seen. Molded at 
least 3 emaciated chickens harboring a psittacosis-hkc mi us in the spleen, h\ei 
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and kidaej’’s This infective agent, only partly studied, resembles m general 
the pigeon loruses, it infects young chickens, pigeons, doves, parrakeets and 
ncebirds on intiracranial and intramuscular injection The pnmaiy isolation 
of the iTTUs IS quite difficult, and smee the complement fixation test m its present 
technical development has failed, the extent of the disease m bam 3 ards, the 
host-paiasite relationship and the interrelation between acute and latent infec- 
tion are stdl unknown 

The exammation of 272 fulmar petrels (Fulmarus glaciahs) from the Faroe 
Islands bj’’ Haagen and Mauer has proven m these sea birds the existence of a 
psittacosis xnrus, which is transmissible to mice and parrakeets An identical 
iTTUs was obtamed from materials commg from human cases Only newly 
fledged fuhnar petrels, which leave their nests and collect on the rocks where 
they are gathered by the men, are infected '^’hether acute or merely latent 
infections occur has not been determmed Accor'dmg to a recent report by 
Bedson, the sera of five cases of a similar human disease sent to him from Iceland 
where fulmar petrels are used as food, aU gave positive psittacosis complement 
fixation tests Thus, the whole migration and breedmg range of these sea birds 
must now be considered a potential resenmir of ormthosis One naturally 
w'onders whether other species of sea birds ma}’- not suffer from a similar infec- 
tion This possibihtj’- IS the subject of further mquirj’’ and mvestigation 

All the information relative to ormthosis, at present available, attests to the 
remarkable tendencj’- to latency of the avian infection m every species of bird, 
except those which are apparently aberrant hosts like the finches and thrushes 
hloreover, the infection is acquired m the nests or at least m j'outh Recover}' 
from this early contact with the parasite ensures a hfe-long relative resistance 
However, smce it is frequently associated with latency, the balance 0/ the immu- 
nity may become disturbed in favor of the virus With experimentally infected 
shell parrakeets (hleyer and Eddie), cockatoos brought from the bush (Burnet 
and jMacNamara) or pigeons brought from lofts and held m the laboratoi}', 
crowdmg m poorly hghted, msamtaiy cages activates the virus which is Ij'mg 
dormant m the spleen or liver or kidneys, mtensii e multiphcation ensues, and 
relapses and even deaths of mature birds are the sequel That improper feeding 
may mobilise a latent infection, m particular, that a thiamm-deficient diet may 
activ'ateit, is beautifully illustrated by the observations of Pinkerton and Swank, 
who, m the course of their experiments, found 5 per cent of the pigeons of a 
eertam establishment to dei elop apparent infections m the form of paralysis 
In order to estimate the extent of latent ornithosis m the pigeons from this 
particular loft, the sera of 12 w ere tested and 6 gai e definite reactions 
already mdicated, a negative serum test does not preclude nrus latency Hence, 
the actual percentage of infected pigeons is probably much higher In fact, 
this deduction has been recently prm en by tests made with sera of pigeons from 
the same loft after the birds had been used m certain biological tests, whic 
stimulated the reticulo-endothehal system Xot less than 90 per cent ^ ^ 
sera gave an anamnestic fixation reaction mdicative of a prenous contact wit^ 
the omithotic I'lrus In the epidemiologj* of human psittacosis, the relapses 
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in birds doubtless play an important role The transplantation of tropical 
birds or pigeons to a cooler chmate and held under unfavorable environmental 
conditions may disturb the balanced immumty to such an extent that the 
subsequent multiphcation of the ^^^us may convert the anima l mto a shedder 
dangerous to its oivner, or to the susceptible mates vhich may develop 
acute psittacosis The recent outbreak of psittacosis at the Xational Zoological 
Park at TTaslungton (Tomlmson) is most hkely attributable to a set of cncum- 
stancs which followed a breakdown of the heatmg system m the bird house It 
occurred about a week before the first appearance of psittacosis among the birds, 
which had been under observation for many months, and had shown no lUness 
Smce Amazon parrots are frequently earners of virus for long penods — m one 
of the author’s observation for at least 523 days — ^it is probably correct to 
suspect the chiUmg as a factor m convertmg one or several of these birds mto 
active shedders 


V PsrrTACosis in wild parhots 

There is no dearth of specidative thoughts relative to the ultimate ongm of 
the parrot infections responsible for the pandemic of 1929-1930 An enzootic 
disease among the native parrots of South Amenca was suspected, but smce 
human cases had not been reported, despite the fact that every household pos- 
sessed pet birds, and, furthermore, smce the studies of Pacheco and Bier had 
failed to demonstrate the psittacotic virus m Brazilian parrots from which they 
merely isolated Salmonella vaneties, such a possibihty was dismissed as qmte 
unlikely These early concluaons have, however, been senously questioned m 
view of the examinations of shipments of parrotlets, conures parrots and 
macaws, which durmg the past S years reached the Quarantme Stations of 
California In 1933, several Spengel’s parrotlets [Forpiis passennus) and 
conures from Colombia were proven to be earners of an active psittacotic virus 
Smce they had been held m captivity, infection was not necessarily present m 
the jungle birds But m 193S two other shipments from Colombia, one with 
acutely mfected Amazon parrots and macaws, brought 73 parrotlets of which 
15 had enlarged spleens and yielded the psittacotic virus Accordmg to rehable 
information, the second shipment had not been held m captivity* for any length 
of time, hence, it is qmte certam that enzootic psittacosis exists m the neotropical 
regions of South Amenca, and suspicion is cast on the parrotlets as the pnmaiy 
reservoirs Accordmg to IMenk (see Klkeles and Barros), folklore stones 
connect a disease of man “pajaroazul” (an mfluenza-hke malady) with exposure 
or mtimate contact with “blue ’ birds, or more correctly, parrots These possi- 
bihties deserv e further local mvestigation The position of the pnncipal parrots 
of trade, the Amazon vaneties, is problematical, the only birds which have 
recently been examined were the Panama yellow headed parrots imported 
through ^Mexico On two occasions, they were connected with human infections 
and the birds were either earners or had died acutely from psittacosis There 
IS considerable mdirect evidence that these parrots are spontaneously mfected 
m the forests of South and Central Amenca 
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In denjnng the exist-ence of enzootic parrot psittacosis m the wild, the observa- 
tions b 3 ’' Burnet are frequentlj' overlooked As a, rule, it takes the form of a 
latent infection, producing no visible symptoms or any pathological signs bei ond 
an enlarged spleen The universal distribution of the infection invobing birds 
of two distmct famihes, one of which is the Lonmae with the three genera 
Tnchoglossus (lonkeet), Kakatoe (cockatoo) and Xymphicus (cockateel), which 
are restricted to the Australian region, and the mildness of the infection make 
lb reasonabty certain that the enzootic state has been present m Australia for 
centuries, at least iMoreover, smce the Australian continent can be regarded 
as the mam center of parrot evolution, it is qmte possible that it was present 
for all the geological period durmg which the psittacme famihes assumed their 
ascendencv'^ Burnet, m discussmg the relationship between the virus and the 
host, beheves that the standard is probably as follows “The young birds are 
infected with the virus m the nest, suffenng a mild infection, any symptoms hav- 
mg disappeared by the tune they are ready”^ to fly The virus, however, persists 
m spleen and kidney, at least until the next breedmg season, and is then available 
to infect the new generation of birds It is reasonable to presume that buds 
which hav’-e been infected m the nests will be immune to re-mfection from other 
sources' Venations from this standard condition may favmr either host or 
parasites In-the first place, the proportion of infected birds vmnes from species 
to species, and also m different batches of buds of the same species Induect 
evudence that many parrots escape nest infection is also obtained from the 
oecurrence of numerous fatal infections that sometimes follow the mtroduction 
of infectted buds In one of the Australian Zoological Gardens a high mortality 
amongst sev'eral species followed the addition of a few Bamardius parrots from 
■Western* Austraha to* the aviary concerned ” 

In 1939 Burnet obtamed evidence that the balance was disturbed m fav or of 
the* VITUS In at least three states, a notable number of deaths of wild parrots 
occurred m the bush In Victona, dead Kmg parrots and crimson rosellas 
with acute signs of psittacosis were picked up Much more extensive mortahties 
occurred m the Southeastern districts of South Austraha, the buds, probably 
grass parrots (Psephotus and Neophema), dymg m such numbers that the 
occurrence was noted m the dady press These widespread epizootics m 1938 
await an explanation through careful surveys with respect to population densitj 
of the different species, regional food scarcit 3 ’- and consequent migrabon The 
psittacotic vuus strains isolated from this epizootic possessed no unusual char- 
acteristics It IS not unlik ely that this epizootic state among the Austrahan 
parrots was mtrmately connected with the very heavy^ psittacosis mfection, 
which was encountered b 3 ’’ j\Ie 3 mr and Eddie (1939) m an importation of I^^ 
parrots, rosellas and coekateels intended for the Austrahan Pavilion at t e 
Golden Gate International Exposition 
Although the evidence, as 3 mt fragmentary, strongb' mcnmmates psittacosis 
as an almost umversal low-grade mfection of parrots, not merely confined I® ^ ® 
Australian region, with as many' species as m the other five zoogeograp ica 
regions combmed, Pmero Garcia m a recent review of the ongm of the disease 
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m Argentma reaches the interesting conclusion that psittacosis is an importa- 
tion In paracular, he suspects the Australian parrakeets as the reservoir to 
•Which all the evil may ultimately be traced This interpretation ignores the 
facts presented by the examination of at least three importations from South 
America, and the outbreak of psittacosis at the London Zoological Gardens 
(Troup Adam and Bedson), and possibly the National Zoological Park at 
Washmgton which strongly mcmninate the neotropical region as an enzootic 
reservoir for a lotv-grade avian psittacosis as a population regulator, which only 
on rare occasions flares up mto the dramatically infective disease as seen m the 
exhibition rooms of Cdrdoba and Tucum^ 

VI PSITTACOSIS rx COltUEFCIAL PABRAEEET BREEDIXG ESTABLISHMENTS 

By 1932 the commercial breedmg establishments and a-nanes of California 
were and recently those of Florida and Texas are now enzootic foci of avian 
psittacosis The extent of these infections is conclusively established by the 
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rou'hne exammations conducted by the California State Department of Pubhc 
Health m connection ■with the regular official control activities They are 
summarized m Table 3 

In the spnng of 1932 every establishment exammed housed parrakeets •with 
latent and some ■with acute psittacosis With the destruction of close to 2o 000 
birds m 1934 the mcidence was reduced below 10 per cent, and it is anticipated 
that the annual re-tests ■will permanently mamtain the aviaries free from infec- 
tion Acute psittacosis has become a rarity, except on the premises of a large 
dealer who promiscuously mixed shell parrakeets ■with imported South American 
and Australian parrots In 1940, m a sample of 271 parrakeets 197 presented 
enlarged spleens and several pools of these organs yielded the speciSc ■virus 
The probabihty that this establishment had become re-infected and then dis- 
tributed birds, which were responsible for human infection, was greatly fortified 
by two facts (a) The breedmg avianes fumishmg parrakeets to the dealer 
were proven free from psittacosis by several tests made at the same, but the 
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infection was found at the bird exchange (b) Not less than 37 per cent of the 
budgengars harbored S typhi munum in the intestines and the spleens The 
same organism accompamed the -jurus present m the large parrots held on the 
premises It is a well known fact that shell parrakeets raised m California are 
not earners of Salmonelloses, but South Amencan birds are frequentl}' the hosts 
of these bactena Smee the 11015 was exchanged with the droppmgs, a sunul- 
taneous transfer of the Salmonella took place 

A sun’ei’ of different pens or entire ananes m which eveiy bird was examined 
and mdividuallj’’ tested for nrus on mice showed that withm the flock the fol- 
lowmg categones of birds ma 3 ' be found (a) With typical psittacosis, (b) atypi- 
cal cases, (c) with latent infections as closed earners or shedders, (d) immune 
and uninfected, and (e) susceptible and uninfected By exposmg ncebirds to 
suspected shedders, it was found that many of the infective parrakeets became 
closed earners after 60 to 80 day^s In fact, m an anary consisting of 2,000 


parrakeets kept imder obsenmtion and m which breeding operations were 
stopped by separation of the sexes, psittacosis as a cause of death disappeared 
entirely at the end of 2 months Latent infection was stiU present m the flock 
only to re-appear withm 5 weeks after matmg and breedmg was resumed It 
IS reasonable to suspect that the latent infections were transformed into shedder 
stages by the actmties mcident to egg laying, etc At first y oung parrakeets 
and later even a few of the older birds, which had apparently escaped infection, 
died with typical lesions of acute psittacosis Hence, the standard parasit^ 
host relationship as hypothecated by Burnet for the parrots m the wild e 
is proven for the Austrahan shell parrakeet bred and raised m captinty * ^ 
infections are rarely fatal, but m the past they have been common m some 
ananes Persistence of the iirus until the next breedmg season assures the 
contmmty of the infection cham Vanations from this standard, which may- 
favor either host or parasite, are just as common m the breedmg establishmen * 
as m the bush For example, the mtroduction of infected parrakeets m an 
anaiy^ with a low latent infection rate mdicative of a low rate of nest mfections 
may be followed by a high mortahty Crowdmg under poor samtaiy condition 
and mtensive breedmg favors the parasite In fact, m some avian^ the e 
tivity" of the iims was mamtamed at very high level judged by the incidence 
acute psittacosis created by many susceptibles through careless 
Such dangerous reseiwoms must be ehmmated by the destruction of the e 
flock Canadian ananes, that had depended on their breedmg 
California or Great Bntam, are mvanably housed mdoors, m some mst 
m the basements of the houses This close proximity to the . 

been responsible for a number of mterestmg epidemiologic situation (- - 

personal commimication) The mcidence of latent mfection as dete 
mdividual tests of 128 parrakeets was as high as 56 4 “ j.- and 

responsible for the 21 human cases which occurred among the bir ^ 

to chentele Another factor, namely the sale of veiy young 

than 4 to 6 weeks old, probably m the stage of ^^I^^dding WoUoto 
to Ber>Bfect.on. and the hab.t of the o™e.a to tram sueh bnds for re=lm. 
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on their fingers, in consequence creating intimate contact, senred as contnbu- 
tory causes to the frequent human infections 

vn OICOTHOSIS EC THE PIGEON LOFTS 

Smce the beginnmg of 1941, the epidemiologic relationship between human 
cases of psittacosis and homing pigeons has shifted the mter^ to the pigeon 
lofts as reservoir of the vmis Attention was called to these breedmg establish- 
ments or the back yard lofts used to house racmg pigeons by two facts (1) The 
serological examination of the blood sera of 30 pigeons owned by the son of a 
fatal case of psittacosis produced 19 or 63 per cent specific complement fixation 
reactions in ddutions of 1 32 and higher (2) In the search for pigeons suitable 
for laboratory experimentation with psittacotic viruses, three lofts located m 
the San Francisco Bay area were sampled, each supphed a variable percentage 
of reactors except one, from which the dozen squabs tested proved negative 
In rapid succession, pigeon lofts from the surroundmgs of Los Angeles, Ilsaha, 
Pasadena and Iowa furnished birds whose sera gave specific reactions with the 
psittacotic antigen In connection with the epidemiologic mvestigation of two 
cases of human psittacosis m a mother and daughter, who had handled a sick 
pigeon m the heart of ISew York (referred to the Foundation through the courtesy 
of Dr George S IMmck, Hospital of the Rockefeller Institute) the sera of 30 
pigeons caught m Central Park and kmdly sent by the New Y'ork City Depart- 
ment of Health were serologically tested Fifteen (50 per cent) gave specific 
reactions m serum dilutions from 1.8 and higher Fmally, a sample of 12 
young pigeons from South Carohna which was obtamed from the dealer who 
had supphed the pigeons used by Dr Henry Pinkerton and Dr R L Swank, 
was found to contam reactors Although moculation tests on doves (Strepto- 
pdia nsona) and a few pigeons {Columba hiia) had proven the important fact 
that complement fixmg antibodies appear promptly foUowmg the mjection of 
parrakeet or human psittacotic viruses, and that the infective agent was 
demonstrable m the kidnei's as late as the 41st day, it became imperative to 
attempt the isolation of the infective agent responsible for the reactions m the 
pigeons By special mouse passage tests, morphologically and culturally iden- 
tical psittacosis iTTUses have been isolated from 17 pigeons from 7 different lofts 
or flocks located m California New York and South Carohna The data which 
appear important m this connection are hsted m Table 4 
At first, It was beheved that the nrus could most readily be isolated from 
the enlarged spleens, which varied m length from 12 to 27 mm of pigeons 
with specific antibodies However, it was soon found through tests of non- 
reactors with splemc tumors or slightly enlarged kidnevs that the vmis could 
likewise be discovered m the organs by repeated mouse passages In fact the 
data collected to date suggest approximately the foUowmg state of affairs In 
acutelv sick pigeons, the nrus is morphologically demonstrable m the pericardial 
or pentoneal exudates, it may be transferred to mice by mtracerebral mjections, 
provided the test material is free from S fj/pfit viunum The chonomemngitis, 
which IS mduced by these mjections is fatal m a large percentage of mice and 
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infection was found at the bird exchange (b) Not less than 37 per cent of the 
budgengars harbored S typhi munum in the intestines and the spleens The 
same organism accompamed the ^nrus present m the large parrots held on the 
premises It is a well known fact that shell parrakeets raised m California are 
not earners of Salmonelloses, but South Amencan birds are frequentl 3 ’' the hosts 
of these bacteria Smee the ^urus was exchanged with the droppings, a simul- 


taneous transfer of the Salmonella took place 

A sun'e 3 ' of different pens or entire amanes m which eveiy bird was exammed 
and mdividualty tested for \Trus on mice showed that withm the flock the fol- 
lowmg categones of birds ma 3 ' be found (a) With t 3 q)ical psittacosis, (6) at 3 pi- 
cal cases, (c) with latent infections as closed earners or shedders, (d) immune 
and uninfected, and (e) susceptible and uninfected B 3 ’' exposmg ncebirds to 
suspected shedders, it was found that many of the infective parrakeets became 
closed earners after 60 to 80 da 3 's In fact, m an aviaiy consisting of 2,000 


parrakeets kept imder obseiwation and m which breedmg operations vere 
stopped b 3 ’’ separation of the sexes, psittacosis as a cause of death disappeared 
entirely at the end of 2 months Latent infection was still present in the floA 
onl 3 ’’ to re-appear withm 5 weeks after matmg and breedmg was resumed t 
is reasonable to suspect that the latent infections were transformed into shedder 
stages by the actmties mcident to egg la 3 'mg, etc At first 3 'oung parrakeets 
and later even a few of the older birds, which had apparently escaped mfection, 
died with t 3 TDical lesions of acute psittacosis Hence, the standard parasite 
host relationship as h 3 ’pothecated b 3 * Burnet for the parrots m the wild 
is proven for the Austrahan shell parrakeet bred and raised m captmt 3 ’’ i 6= 
mfections are rarely fatal, but m the past they have been conunon m some 
amanes Persistence of the virus imtil the next breedmg season assu^ ® 
contmuit 3 ’- of the infection cham Variations from this standard, which ma3 
favor either host or parasite, are just as common m the breedmg estabhshmen « 
as m the bush For example, the mtroduction of mfected parrakeets m aa 
aviary with a low latent mfection rate mdicative of a low rate of nest mfections 
may be foUowed by a high mortahty Crowding under poor samtarj^ condition 

and mtensive breedmg favors the parasite In fact, m some anan^ t e e 

tivity of the virus was mamtamed at verj" high level judged by the inci ^ 
acute psittacosis created by many susceptibles through careless m r 
Such dangerous reseivous must be ehmmated by the destruction of tue e 
flock Canadian aviaries, that had depended on then breedmg stoc ' 
California or Great Britam, are mvanably housed mdoors, m some 
m the basements of the houses This close proximity to the mhabitante 
been responsible for a number of mterestmg epidemiologic situation y i 
pemonal commumcation) The mcidence of latent mfection as dete e - 
mdmdual tests of 128 pairakeets was as high as 56 4 Per cent, ^ 

responsible for the 21 human cases which occurred among the bird fancie j 
then chentele Another factor, namely the sale of vei^^ fnllowm'' 

4 to 6 treeks old, probably m the stage of » S 
Se” nest mfechon. aod the habrt of the omers to tram soch birds for re,W. 
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tlie abundance of ^hcrohadcrium multtformc psiUacosjs m all its devdopment 
stages 13 diagnostically agmficani Pigeons vatb antibodies may present the 
residnals of a pased infection and both the hver and spleen may be swollen 
and eulaiged Organ emulsions moculated mtraperitoneally may produce no 
visible lUnes but at autopsy on the 20th day the enlarged spleens with mdefimte 
microscopic findmgs attract attention Submoculations of splemc suspensions 
mtracerebrally may cause the devdopment of virus menmgitis As many as 
60 per cent of the non-reactmg pigeons will yidd the virus from the enlarged 
spleen, or the grossly normal kidneys or both, by a pnmary enrichment m the 
mouse spleen and final demonstration m the meninges Some of the pigeon 
viruses have been passed mtrapentoneally through mice, an occasional rodent 
may succumb, the abdommal cavity is filled with a seropurulent exudate, and a 
few hver necroses and an enlarged spleen are found Freshly isolated strains on 
mtranasal administration may produce non-fatal focal or lobular consohdations 
scattered through the lungs Only when the pathogemcity for the mice has 
been enhanced throu^ passage may fatal pulmonary infections be mduced 
Attempts TO find the vmis m the droppmgs have not been successful, smce 
the emulsions had to be filtered or mjected subcutaneously Exposure expen- 
ments m placmg veiy susceptible ncebirds m cages with pigeons are m progress 
AH the evidence to date suggests than an ormthotic infection due to a virus of 
low mouse mfectivity and pathogematy is widdy distributed through the pigeon 
lofts of this country With respect to the mouse reactions, the idruses resemble 
those isolated from Australian panakeets or cockatoos Smce the psittacotic 
strains are highly adapted to their hosts, one is justified in suspectmg that the 
pigeon strains are equally symbiotic m avian tissues, and not readily transfer- 
able to aberrant mammalian hosts This has been proven by the ease with 
which these viruses mfect doves (fortunatdy some have been found free from 
psittacosis), parrakeets and nce-birds The low mvasiveness and patho- 
gematy possessed by the majonty of strains obtamed from pigeons, and as a 
matter of fact the viruses obtamed from chickens on one poultry farm are, m 
all probabihty conditioned by several factors Human infections are prob- 
ably infrequent for the foUowmg reasons (a) The virus is rardy discharged m 
large enough amounts to establish the mfecbon cham, except when the pigeons 
are lU The epidemiological histones of the proven human infections mvanably 
report the handling of sick pigeons, or the flock or cage to which the patients 
were exposed mcluded dmically and anatonucally diseased birds at the tune of 
exposure or shortly before (b) "Mruses of such low pathogemcity rarely cause 
frank human infecuons Despite the tremendous reservoir of psittacosis m 
Australia the actual number of human cases is less than one dozen with only one 
death That these viruses may be responsible for influenza-like, mild atx-pical 
and shon-hved mfecbons is suggested by the appearance of complement fixmg 
antibodies for the psittacosis antigen m the sera of persons who were exposed 
to sick pigeons Furthermore the few tests thus far made on owners of pigeon 
lofts, who give posiuve complement fixation reactions but no historj- of illness 
comparable with psittacosis, mdicate frequent subclmical infections On the 
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F F5ITYACOSIS OEXrrHO£IS 

infections Unti! 1931 the breeders irere tmavraie of the existence of this disease 
amonc their breeding stock. Greed for greater rerums lack oi knorrledge con- 
cemins certain fundamental lams on inbreeding combined rnith insanitary condi- 
tions, and the desire to d-spose of veiy young immattire birds as quickly as 
■Dossible disnersed through rhe trade many acutely ill parrakeets and carriers 
Brought to the pet shops they mere quickly sold only to die m the homes of the 
ntuchasers or they infected canaries or even macams (Pittsburg outbreak) 
thus scattering disease and death through various secondary channels Equally 
important has been the general attitude tovrards psittacosis Bird breeders, 
pet shop ornneis avicultuiists and lovers of birds, even veterinarians doubted 
the esistence of the (Lsease Until the idenncal infective agent mas demon- 
strated in the blood and sputum oi the patients and the oigans of psittacine 
birds the diagnosis oi parrot fever and the mutual relationship betmeen the 
apparently healthy parrakeet and the typhoid pneumonia of his omner mas 
subject to various bat mcorrect mterpietanons by the prejudiced laity That 
persons engaged m the breedmg raismg transportation and sale of psittacme 
buds are particularly hable to psittacosis mas not accepted though pubhshed 
records amply attested to their existence. Xotmithstandmg the reports by 
Widomitr (Giar 1929). Roch and Wohlers (Genera 1929), Piausmtz and Stepp 
(Bresbu 19-32) GerLach t.1936) hIcXabb (Canada 1940-1941) of the occur- 
rence of psittaccers among bud breeders by Marion and Dubois (1S92). Barros 
tl9291 Brauer 1,1930'' among dealers in parrots and by Wagner (1SS6) McClm- 
tock E,idger (1929) Eflicot and Halhday (1931) and many others (see Meyer, 
1934"^ among ouners oi pet shops and department stores employees in Zoo- 
logical Gardens (London and Washington) and Snally seamen and baggage car 
employees connected mith the transportation of birds, those associated mith the 
shell parrakeet trade in Caiiiomia have claimed absolute immunity agamst this 
malady They argued that the alleged disease mould have attacked prnnanly 
these mho are intimately m contact mith the infected buds and hence they 
must be immune. Some credence mas given to thse arguments until sputum 
examinations and more recently serum tests proved several so-called 'attacks of 
influenm mith pneumonia m bud breeders to be psutacosis Today u is a fact 
that of 91 cases of psittacosis infections reported m California 36 or nearly 
40 T«r cent mere m omners oi large or small parrakeet avianes or pigeon lofts 
or m members oi theu families It is naturally a matter of conjecture but the 
fern data thus far available from serological tests among raisers oi buds mould 
indicate that subchmcal infections may m part explain the apparent unmumty 
of some of the men and momen mho mere exposed mithout any ill ejects to heavily 
infected parrakeets parrots or pigeons For example the caretaker in one of 
the mfected avianes gave a complement fixation reaction in a dilution of 1.16; 
the omner o: a pigeon loft reacted in a like diluuon and at least tmo of the five 
keepers of birds mho mere exposed to the same sources responsTole for tmo c1?Tnf>«i1 
infections m a Zoological Garden, had annbodies m theu blood sera Thus it 
appears that the supposed immunity m a group of bird breeders is either non- 
existent or only relative. One man developed his psinacosis about 3 meeks 
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other hand, it must alvrays be remembered that susceptibdity of man to the 
psittacosis or ornithosis lurus is quite variable, and at 5 q 3 ical pneumonias may 
in their ultimate analysis be attributed to the pigeon iirus In future, a nega- 
tive history of exposure to psittacme birds should not exclude an mquiiy mto 
the possibdity of contact with pigeons and chickens The extent and the im- 
portance of such exposures must be ultimately judged by the expenences of the 
future 

Through the courtesj’- of Dr Ruth E Taydor of the Health Service, Univeisitv 
of Chicago, an opportumty was afforded m 1939 to test the serum of a zoologi' 
student, who had chmcal signs of a mild psittacosis Her serum gave a specific 
reaction m a dilution of 1.16, and 7 of the 11 doves (Sfreptopelia) used by her 
for experiments reacted m a dilution of 1 8 and above Smce the organs had 
been preseiv’ed m glycerme, the attempted isolation of the nrus was non- 
successful This mcomplete but, m its epidemiologic phases, conclusive observa- 
tion formed the prelude to four other human cases with one fatahty, which have 
been brought to the attention of the laboratory m 1940 Others doubtless have 
occurred, sev’eral positive sera from New York and Boston were collected from 
patients with probable exposure to bam yard birds, hommg pigeons or do\ es 
The extent of the pigeon infection may be merely’’ surmised It may be world- 
•wide At least, it has been definitely' obsen'ed and proven by' Coles m South 
Africa (Transvaal) A study of the host-parasite relationship and more than 
ever the ecology m the pigeon lofts must be studied m order to understand the 
infrequent chmcal infections among pigeon fanciers and the personnel attached 
to breedmg establishments This wdl be a long and arduous task 

Vin 'THE ECOLOGY OF HUMA2V PSITTACOSIS AXD OEXITHOSIS INFECTIOXS 

The word “psittacosis” is primarily used to designate a peculiar contagious 
disease of man, which may' follow either fleetmg or prolonged exposure m a room, 
house, pet store or ainaiy where ■visibly diseased or apparently' healthy' parrots, 
parrakeets, canaries and pigeons are held m captmty' Smce late m 1929 and 
m no way' connected with the pandemic era, a total of 273 cases of psittacosis 
■with 47 or 17 per cent deaths have been chmcally' recognized m the United 
States and Canada With the exception of 5 cases due to contact ■with Panama 
parrots, 5 to pigeons, 3 to cananes, 1 to love-birds, 1 to chickens and 4 to labo- 
ratory' exposure, the infection cham m 252 cases either through laboratory' tests 
or by' mere mduction mcrimmates locally' bred and raised shell parrakeets It 
IS mdeed regrettable that at least 190 cases were directly' traceable to budgengars 
which ongmated from commercial ananes m Cahforma Duimg the same 
penod up to 1939 Fortner and Pfaffenberg, and Haagen and hlauer repor 
from Germany' on 353 cases and 69 or IS per cent deaths nearly’ exclusii ely ne 
to contact with parrakeets raised m captmty With the mcreased efficiency 
of the import regulations and the correspondmg checkmg of the sources o 
infections through exotic buds, the control of psittacosis becomes a 
domestic problem Certam practices m the parrakeet breedmg and a tra mg 
mdustry' have been largely' responsible for these unfortunate and pre% en a 
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tion, it IS well to lemembei that se\eie psittacosis is not uncommon m mid- 
summer 

The gieatei fieqiiencj- of psittacosis in iLomcn (for example m California 60 
women 31 men or 2 1), in Geimani, 33 19 (Pfaffenberg) 17 8 (Haagen and 
ISIauer, 1939), is in pait due to the fact that they aie either engaged m the bieed- 
mg of pariateets foi tlieii Inelihood, oi that as lovens of pets they come moie 
frequently m contact with the buds Wliere the mteiest in the bird raismg 
business has shifted to the male sex, then liability to infection is w ell documented 
b 3 ’ an mcreased incidence 

The pathwajs of tiansmission of the psittacotic ynus fiom birds to man are 
probably twofold, and the oidei of impoitance is as follows (1) Indiiect tians- 
nussion bj- the aeiogemc loute and aeiial conyection (2) Diiect contact 
tlirough the handlmg of the coipse of a bud which had died, bj^ feathers oi 
excieta, bj' nasal dischaige and thiough traumatic mjurj'-hke bite wounds An 
apparent high contagiousness of a nius of high mfectmty is full 3 '’ attested m 
the histones in which yeiy shoit exposuies occuried m pet shops, households 
and baggage care where diseased buds weie kept In fact, the dispereion of 
the luus particles adlieient to the desiccated faecal dioppmgs ma 3 ' be ieadil 3 ' 
demonstiated m “sentinel expeiiraents” as adyocated b 3 ' ]\Ie3'ei and Eddie 
B 3 ’ exposmg iicebiids foi laix-mg lengths of tmie m looms wluch house sick or 
latent infected parrots in a mannei that excludes mgestion of feed contamed 
with dioppmgs, the expeiiences m human psittacosis epidemiolog 3 ' ma 3 ’' be 
reproduced as perfect models Furthermore, the ease witli wluch inlialation of 
aims mduces pneumomc lesions m susceptible mammals ampty attests to the 
respiiatoia* tract as the prmcipal portal of entr 3 ' foi the amis Fmall 3 -, the 
mam incidence of the infection m human cases falls on tlie respiratoi 3 ' tract, 
m cases of an 3 ' seyeiit 3 ', lobulai distribution of the pneumomc consolidation 
and infla mm ation of the mucosa of the upper respuator 3 '' tract is a constant 
feature of those patients which come to autops 3 ' Undei certam circumstances, 
the psittacotic aarus prepares the wa 3 ' for the myasion of pathogemc bacteria 
which nia 3 ’-, for example, cause a fulmmatmg staph 3 dococcic pneumoma 
The obseiiations and repoits attest wath mcreasmg frequenc 3 ’- hrnnan case 
to case tnfcch07is At least 23 mstances mi ohmg 30 nurses are known m which 
contact with the sick birds m the household aie defimteb’^ excluded Of par- 
ticular mteiest is the fact that non-fatal cases ma 3 ' infect their nurses (Pittsburg 
outbreak) or that passage from man to man reduces the mfectmt 3 ’- Hamel 
reports a triple cham infection at Potsdam m which a ph 3 'sician, who contracted 
his disease from a fatal case, was visited b 3 ’’ an interne The latter dei eloped 
psittacosis but reco\ered Durmg his illness he infected liis nurse who died, 
and she m turn transmitted the %inis to a second nurse Alore recent^', Haagen 
and Ixruckeberg saw twice repeated human to human passage A patient m- 
fected her nuree who m turn transmitted the iirus to another patient temporanl 3 ’- 
housed m the same room Even more disconcertmg is the recent report by 
Pmero Garcia, who studied an outbieak of psittacosis m Buenos Aires m 1939 
The epideimc mi oh ed 26 cases with 13 deaths It started m a fanub’, extended 
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after acquiring his bird stock, irhile 5 maintained aviaries with parrakeets be- 
tween 2 and 3 3 'ears before the}’’ became infected The possibihty that the 
aidanes were ongmalty free from psittacosis, but were subsequently infected 
b}’ purchase, exchange or barter of diseased shell parrakeets cannot be excluded 
m every’ instance (Hoge) In pet shops the heaiy exposure may lead to an 
attack rate of from 40 to 50 per cent 

Aside from these occupational psittacosis infections, the majority of reports 
deal ’With either smgle or more frequently’ multiple cases m the households of 
people who had bought or had received during the hohday’s the nrus-cany’ing 
gift m the form of a pair of parrakeets People of middle age, rarely children, 
are mvoh’ed Accordmg to Annstrong, the age group of 1 to 19 was repre- 
sented by 15 or 8 8 per cent m 169 cases Of the 160 psittacosis infections of 
known age m Germany, only two were under 10 y’ears of age, and 18 betwem 
10 and 20 Intimate exposure of children to the same parrakeets which mfected 
parents or older relatives mdirectly’ has been repeatedly noted Aside from the 
low mcidence, it is a common expenence that children, as a rule, have muc 
milder attacks of illness than the older patients m the family Indeed, no exp a 
nation can be offered for the noteworthy fact that the same degree of 
and the same I’lrus may mduce diseases of vary’mg degrees of seventy ^ 
the susceptibihty’ of man is quite vanable, and that a fair percentage may pass 
readily’ through the disease m a subclimcal, rudimentary’ or abortive stage n 
fully’ a’ttested by recent observations The wife of a psittacosis patient , 
to a sick parrot, who picked seeds from a hp, passed through a very 
influenza-hke illness of 2 day’s duration Smce her serum reactions were ot 
same magmtude as those of her husband, httle doubt exists that the same 
led m the man to a severe clmical and in the wife to a subclmical infection 
isolated cases, the exposure to sick or healthy birds may’ mduce clmi(» mam 
festations v hich m any’ one patient or m any stage of the malady’ are insu 
characteristic to make a diagnosis Particularly’, m mew of the mcreasin ^ 
important recogmtion that certam ty’pes of mfluenza or aty’pical pneumo 
may be caused by psittacosis-hke I’lruses, it is weU not to be biased and to 
this infective agent until laboratory tests, m particular the complemen 
tests and repeated sputum exammations, which unfortunately o y 
sigmficant mformation m about one-half of the serologically proven cases, 
decided the diagnosis one way or another 

The great epidemics of psittacosis of the past occurred during 
months, and m Germany and Argentine the 

the colder months is stnkmg Obsen’ations m the Umted State j , 

that the seasonal fluctuations were influenced by the ^ter 

sheddmg buds, and by the prolonged exposure m the ^aheady 

households enriched by a Christmas gift m form of buds Atto 
been called to the effect of climatic changes on latent ^ Xrmg the 

parrots m the course of transportation from the f respuaton’ 
faU and wmter months Although the prevaihng P - 
infection durmg the colder months of the y ear may fai or the coun 
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fourth vreek after recoverv from his psittacosis was due to an embohc accident, 
at least suggest such posibihties ^Moreover, the circuinstances surrounding 
the second attack of at least three persons originally proven cases of psittacosis 
stronuly suggests relapses and not reinfections Recent studies on the immunity 
m mice and birds strongly mcnminaie the phagocytic activity m part aided by 
humoral substances as the mechanism which restrains the virus growth CMeyer, 
194:1) Factors which mduce the phagocytic activity may favor multiphcation 
and spread of the virus and thus overwhelm the balanced immu nity It is not 
unlikely that the acquired immunity of man may be qmte often of the non- 
sterile type, and smce the equihbnum between parasite and host is qmte fragile 
and labile, relapse may be anticipated and should receive consideration m future 
observations 

IX PROTECTIVE ilEAStlHES AGAINST PSITTACOSIS OK ORNITHOSIS 

Psittacosis has advanced to the position of an important pubhc health problem 
which could be readily controlled provided the pubhc would appreciate the 
possible danger inherent m contact with birds of unknown ongm The importa- 
tions of tropical psittacme buds may be regulated by stnctly enforced quarantme 
measure But since it is not possible to say from the appearance of a bird 
whether or not it is infected and smce parrots with mapparent infections may 
remain shedders of the virus for many months or, when subjected to crowdmg 
under insamtary condiuons, may reactivate then latent infections prolonged 
bolanon — ^not less than 6 months — ^is obviously imperative This penod of 
segregation maybe shortened m the case of the larger parrots which may readily 
be bled from the wmg veins then sera may be subjected to the newly developed 
complement fixation for pattacosis Buds which give positive reactions must 
be either destroyed or held until them sera become negative, while the non- 
reactmg parrots must be retesied withm 2 months If no antibodies develop 
m theu sera they are non-mfected and may be safely released Expenence has 
taught that, despite a properly executed health certificate, untested parrots may 
as avian earners mtroduce the infection mto healthy avianes or dealers stock 
The exclusion of psittacosis from shipments of parrakeets parroilets and 
conures or the eradication of the endemic infections from the breedmg establish- 
ments IS likewise withm the power of a Health Department although the ad- 
ministrative and laboratory procedures are shghtlv diSerent The California 
plan which has as its ultimate aim the complete eradication of the avian disease 
from the avianes and the distribution and sale of healthy pets m the Xorth 
Amencan contment, has been tned for the past 6 years with mcreasmg success 
In prmciple, it has operated as follows Any person or party who wishes to sell 
or barter parrakeets must (a) obtam a hcense and receive a certificate of registra- 
tion and (6) must submit a 10 to 20 per cent sample of his breedmg stock and 
immature young buds to a laboratory examination Avianes yielding mfecied 
buds should be promptlv placed m quarantme, the necessary steps taken to 
destroy the entue flock and to dismfect thoroughly the premises The extent 
of the latent mfeepons m the avianes and the progress of the samtation program 
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to house guests and terminated m the Jewish Hospital At first, the nature of 
the influenza-hke bronchopneumonia was not recogmzed and, consequentlv, 
seconder}’' human to human contact infections followed At the hospital one 
doctor, three nurses, two patients and one lusitor contracted the infection 
directly thiough exposure to the unrecogmzed psittacosis patients Further- 
more, there is suggestive e'vidence that these secondarj’- cases were responsible 
for tertiary infections These aberrant cham transmissions are still regarded 
as epidemiological curiosities and ranties irrespective of the fact that they con- 
tmue to occur, and that the}’' may sometimes be an aid to the ultimate identifica- 
tion of the lorus which ma}’’ have operated m the hospital The histor}’ of a 
small outbreak among three nurses with two fatahties, all connected with one 
patient m a San Francisco hospital supposedlj’' due to a mystenous pneumonitis 
Aurus (Eaton and Pearson), has all the epidemiologic markmgs of a psittacosis 
infection It is mdeed imperative to remmd ever}’' physician that the occupa- 
tional hazard to hims elf and to the nurses is considerable Everj-' case of 
atjincal pneumoma should be held m stnctest isolation, and should not be 
exammed or treated -without the use of face masks and goggles As occupa- 
tional infections aside from nurses and ph5'sicians, those of samtarj' inspectora 
and vetennarians must also be hsted At least, 45 serious laboratory infections 
have been reported Despite the mtroduction of precautionar}’’ measures m 
various forms, these professional infections have made their appearance e\en 

m recent years _ 

The mcubation time vanes from 7 to 14 days after mitial exposure ro 
2 to 3 weeks may elapse between the acquisition of the buds and the oMe o 
the first case In three cases m which a smgle e-qiosure occurred for a few ours, 
the mcubation time was 7, 8 and 9 days, respectively The mtenml between 
onset of the illness and the discharge of the nurse from the case was 8, 13 an 
days, respectively From personal obsenmtions and the many chmcal 
tions published smce 1879, it is evident that the manifestations repeat themse v 
■with remarkable regulanty and uniformity It is this pattern of signs an 
sj-mptoms aided by x-ra}' pictiues of the chest which enables the expenence 


physician to suspect psittacosis , 

The case fatahty rate of the repoited cases has been remarkabty unFo 
m the Umted States and m Germany In the 167 cases reported q.’ 

it was 24 per cent, for the 271 cases smce 1931 it is 17 per cent, and or 
cases m Cahforma it is 22 per cent Accordmg to Fortner and gg 

rate was 18 per cent m 1933-1934 for 106 cases, then 20 per cen u - 
p7r cent m group of 25 cases m 1937-1938 (Haagen and Mauer) As a rule, the 
ao-e groups 40 to 60 are particularly liable to fatal infections 
“ATmfLion, which m the avian and mammahan host is so “ 

m aU probabihty mduces a sumlar state m man ® * U exist 

supposedly demonstrated by Geilach m certam hospital patien s, 

^JJ^es farther study The persistence of 

high titer for years m the sera of recovered patients, and the rfunng the 

S H^gen and Kruckeberg from the spleen of a patient whose death dunng 
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IS well illustrated by the data m Table 3, Mhich covers the postmortem examina- 
tion of approximately 26,000 parrakeets 

Experience has taught that anaries which harbor infected budgengars may 
have a vei^’^ low mortality from actual psittacosis This is particularly true 
when the sexes are held m separate pens and breedmg operations have ceased 
But with the resumption of these actmties, psittacosis reappears m a fen of the 
immature birds Thus, the contagium tenaciously persists for years, and m time 
as many as 40 to 80 per cent of the young parrakeets maj’^ show the residuals of 
latent infections Recent obsenmtions mdicate that one test based on a 20 
per cent sample will not alway^s detect the existence of psittacosis m an anaiy 
However, annual retests and a more ngid supemsion of dishonest breeders, vho 
maj’^ unknown to the control authority mtroduce parrakeets from pnvate un- 
tested axuanes, should m tune eradicate the mfected stock m California This 
IS the goal towards which the Cahforma State Department of Pubhc Health is 
stnvmg Provided adequate funds are available for the laboratory^ tests, no 
unsurmountable difficulties are anticipated An effective educational campaign 
has greatly softened the opposition of the breeders and dealers, who at fiist 
faded to admit that such a disease as psittacosis really existed or that it might 
be transferable to man 

The extent of Ormthosis m pigeons and the nsk of this infection to human 
bemgs IS not as yet known At least for the present, it is weD to focus the control 
measures on the psittacme birds, whde the problems which-mvolve the barn- 
yard and pigeon lofts are bemg subjected to a careful analysis 
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THE XATUEAL HISTORY OF LAI^^'XEC S CIRRHOSIS OF THE LnHR 

A:!\ Axaltsis of 3S6 Cases 
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of Medicine, Colnnbia Ur.ieersiip, CoUege of Physicians and Surgeons, Xeic Tcrl City 

The etiology of Laennec s cirrhosis is unknoini In an attempt to imderstand 
this disease, it is essential to ascertain the nature of those factors that predispose 
or contribute to its mcidence. It is also important to know its symptomatology 
and course m order to evaluate the effect of therapeutic measures The older 
medical hterature contains few reliable studies in these respects The addition 
of certain diagnostic measure m recent years may account for more accurate 
differentiation between cirrhosis of the hver and other diseases, such as tubercu- 
lous peritonitis, Pick's disease, cardiac cirrhosis, and other affections The com- 
prehensive reports of Rolleston and ^MeXee (227) and Eppmger (73) did much 
to danfy the climcal picture of Laennec’s cirrhosis The present survey l= an 
attempt to estabhrii further certain facts pertinent to the natural history oi the 
disease 

There have been difference of opimon concerning the definition o'" Laeimec's 
(ponal) cirrhosis as seen on pathologic examination. However, m this analysis 
no distinction has been made between the terms portal cirrhosis (whether 
atrophic or hypertrophic) or Laeimec’s cirrhosis of the hver In the pr^ent 
senes are included four patients who had a history of exposure to morganic 
arsemc or other tome agents and who may represent instances of healed yellow 
atrophy (tome cirrhosis). In the hterature, nob-nail cirrhosis, multilobular cir- 
rhosis, chrome (mteistitial) hepatitis, nodular cirrhosis and gm-drinkers hver 
are frequently used to decribe the patholo^c lesions of portal cirrhosis, though 
the same terms are sometime used to define other lesions of the hver as well 

CASE IIATEHIAL 

Ei^t hundred sixty-Sve charts on which the diagnosis of “cirrhosis of the 
hver’ appeared were reviewed from the files of the Babies, Beth Israel, Xew 
York, Blount Sinai and Presbyterian Hospitals, all of Xew York City * Three 
hundred eighty-sm cas^ were considered to show adequate clmical evidence of 
cirrhosis Of these, 17S were established by histologic examination of surgical 
or post-mortem specunens, whereas 208 were classified as “presumptive” cases 
The latter were patients whose history and physical examination bore pre- 
sumptive e'ndence of the disease. Such evidence included the findmg of pal- 
pable hver and spleen, signs of collateral venous circulanon. jaundice, ascites, 
roentgenologic signs of esophageal varices, hematemesis, and laboratory t^ts 
revealmg abnormal hver fimction Several of these abnonnahtie were gen- 

* The authors msh to express their thanks to the medical and record room Stas's of 
the above hospitals for makmg available the charts analyzed in this studv 
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nec’s cirrhosis The large number of Jewish patients is seen to be the result 
of a samphng error smce two large Jewish hospitals were mcluded m this study 
The number of Itahan and Irish patients with cirrhosis of the hver appear to 
exceed the proportion of these races m the consecutive hospital a dm i s sions 
There are few other reports concemmg the race mcidence of cirrhosis m the 
United States Richardson (21S) found m Boston that 42 per cent of 4S pa- 
tients with Laennec s cirrhosis were Itahan as compared with 13 per cent mci- 
dence of Itahans in the general hospital population 
Smce cirrhosis of the hver is not a reportable disease it is impossible to ob- 
tam adequate data regardmg its chmcal mcidence DiSculties m estabhshmg 
the diagnosis of the disease hkewise render such data unrehable For this 

TABLE 2 


Race end scr distnoUion of SS3 cases of Laennec s C’rrfosis 
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Also 4 each — Pohsh, 3 each — Scotch, Swedish, Canadian and Hungarian 2 each — 
Spanish Armenian, and Chinese 1 each — Cuban Barbados White, Russian, Turkish Fin- 
msh and Swiss 

* Tj S includes all patients whose race was not recorded 

T Calculated from 1600 control patients, and weighted in proportion to the total number 
of admissions to each hospital 

reason a comparison of mortahty data should provide a better mdex to the 
frequency of cirrhosis m different regions Rowntree (229) reviewed the mci- 
dence of cirrhosis m a number of foreign countries He found that the death 
rate from cirrhosis for each 100,000 of the population was highest m Italv and 
lowest m Xorway Table 3 is a compilation of selected data on the mcidence 
of cirrhosis throughout the world The wide variation not only from countiy 
to country, but withm the same country, is immediately apparent A similar 
variation was noted by Rabl (20 <) and by de Josselm de Jong (69) who made 
extensive surveys of the geographic mcidence of cirrhosis 

In the present senes there are few patients from the Xear East and Onent, 
where cirrhosis is relatively frequent In these regions the high incidence of 
cirrhosis of the hver has been attributed to environmental factors, such as 
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erally piesent before the diagnosis was considered to be certain Care was 
taken to exclude those cases in n hich it was not clear whether hematemesis, for 
example, was due to bleeding peptic ulcer or to ruptured esophageal ram 

The 479 cases which were excluded fiom this studj’ fell roughly mto 3 groups 

(1) Cases m which the evidence for cirrhosis was absent or equnocaJ, or 
m which there was a definite suspicion that the s 3 Tiiptomatologj^ was referable 
to other causes There were 351 such cases Of these there were 67 m irludi 
a palpable hver was the onb’’ sign which led to the diagnosis of cirrhosis 

(2) Cases which proved on histologic examination not to be Laennec’s cir 
rhosis, or which were comphcated by primary carcinoma of the hver There 
were 79 cases m this group, of which 24 were cirrhosis of the hver with pnmap' 
carcmoma, and 6 were hemochromatosis 

(3) Cases in which Laeimec’s cirrhosis was discovered at post-mortem as an 
mcidental findmg As far as could be ascertamed from the records, these 

TABLE 1 


Dislnbitlton of S8S cases of Laennec's cirrhosis according to hospital admissions 
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cases were asymptomatic There were 49 cases m this group, or 11 per eent 
of the total chmcal and latent cases 

The distribution among the several hospitals of the cases mcluded in t s 
senes is hsted m table 1 


ANTECEDENT FACTORS 

Race and nationdhty 

The potyglot population of New York City lends itself to the study of the 
racial incidence of disease A true estimate of race mcidence, however, re 
quires a knowledge of racial distnbution of the population m each 
studied, as well as allowance for age distribution of these groups Sue a a 
are not available In heu of this, only a rough approxunation could be ma 
of anj’’ racial preponderance of this disease Comparison was ma e o 
proportion of patients of each race with a sample of consecutive admissions 
the several hospitals Native-born patients of foreign-bom paren ir 
considered arbitrarily to belong to the stock of the mother 

Table 2 hsts the number of patients of each race or nationality wi 
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malana, dysenten', and possibly nutntional deficiency (313, 260, 168, 212) 
The preddection of cirrhosis in this country for persons of Itahan and Irish 
descent maj’ also be due to environmental factors such as alcoholism and nutn- 
tional deficiency It is of mterest that m a recent survey of pellagra m Cah- 
fomia (244), the mcidence among Itahans was especially high, when allowance 
was made for the proportion of Itahans m the population Smce cirrhosis of 
the hver occurs m all races, it seems more likely that environmental rather than 
constitutional factors determme the differences m race mcidence 

Hereditary and conshtutional fadors 

There are numerous case reports of cirrhosis of the hver occurring m fa mili es 
For the most part, these have been m children (35, 227, 264, 145, 175) In most 
instances, no known exposure to toxic agents has been discovered In the 
present senes of 3S6 cases there was one instance m which a sister and brother, 
aged 11 and 12 j'ears, both had cirrhosis 

Among the adult patients, none gave the history' of a familial mcidence of the 
disease This negative findmg apparently is m accord with other large senes 
(227, 74, 207) m which no mention is made of a farmhal mcidence of Laeimec’s 
cirrhosis m the adult In occasional cases where cirrhosis has been reported 
to occur m families, it seems hkely that the onset of the disease was determmed 
by environmental rather than hereditary factors (132, 72) This mterpretation 
IS supported by the expenence of the authors, who treated one of two sisters 
with Laermec’s cirrhosis (confirmed by autopsy) Both sisters were chrome 
alcohohes 

Chvostek (61) and others have desenbed constitutional characteristics of 
patients with Laennec’s curhosis The typical patient with Laennec’s cirrhosis 
was said to have a long torso and either a female distnbution of body hair or a 
relative lack of bodj' hair Smce the case histones m the present senes do 
not take account of these factors, it is not possible to aflorm or den 5 ' the pre- 
disposition to the disease bj- persons with certam constitutional make-ups 
In a carefully studied senes of 54 patients (192) we have observed no char- 
acteristic diathesis Smce the disease occurs m aU races, and smce it shows 
httle tendency to occur m families, the constitutional factor seems unimpressive 
Xei ertheless, there are two forms of cirrhosis of the hver which appear to be 
congemtal and which resemble Laennec’s cirrhosis histologically The first 
of these is "Wilson’s disease (304) which is charactenzed further by* bdateral 
symmetneal degeneration of the lenticular nuclei The cirrhosis m Wdson’s 
disease is usually asymptomatic (12) The second is hereditary angiomatosis, 
vhich m sei eral well-descnbed cases has preceded the development of Laennec’s 
cirrhosis m several members of a family (279, 2S9) In new of these condi- 
tions It IS possible that constitutional factors play a role m the etiology of 
Laennec s cirrhosis, even though the outward manifestation of body* biuld 
and hair distribution show no pecuhar pattern m these patients 



TABLE 3 

The incidence of Laennec’s cirrhosis in autopsy material 


cotrsTS\ 


United States 
Los Angeles, California 
Los Angeles, Cahfomia 
San Francisco, California 
Baltimore, Maryland 
Baltimore, ^Maryland 
Boston, ^Massachusetts 
Boston, Massachusetts 
^finneapohs, ilinnesota 
St Loms, JGssoun 
Xew York, Xevr York 
Cincinnati, Ohio 
Portland, Oregon 
Philadelphia, Pennsylvama 
Philadelphia, Pennsylvama 
Canada 
^fontreal 
Cej Ion 

China 

England 

London 

London 

jManchester 

Germany 

Breslau 

Leipzig 

Senckenberg 

Holland 

Amsterdam 

Utrecht 

India 

Calcutta 

Yezagapatum (South India) 
Madras (South India) 

Italy 

Japan 

Xetherlands East Indies 
Phihppine Islands 
Sweden 
Switzerland 
Geneva 
Zurich 
Turkey 
USSR 

Lemngrad 

Moscow 

Kiev 

Baku 

Tiflis 


HETZSZSC; 

E Yr.\£ 

pEl CENT 
ALL 

CILiHOSZi 


75 

1918-1932 

0 65 


75 

1933-1937 

1 86 


106 


5 0 


1S9 



6 3 

111 

1890-1929 

2 2 


43 

1912 

1 04 


158 

1897-1932 

5 89 

29 

165 

1910-1931 


2 05 

190 

1921 

1 6 


263 

1917 


172 

241 

1938 

4 7 


169 

1933 

1 37 

O 

29 

1933-1935 

6 1 

3 /a 

28 

1938-1939 

5 3 

1 0 

3 

1886-1898 

4 9 


278 

1934-1935 

5 6 


73 


12 0* 


311 

1928 

4 4 


37 

1867-1899 

3 52 


46 

1901-1906 

7 7 


137 

1897 

4 0 


153 

1878-1907 

2 67 

1 

207 


1 8 


26 

1920 

1 55 


109 

1921-1929 

2 0 


69 

1931 

2 85 


223 

1911 

6 9 

282 

273 

1925-1934 

9 3 

0 2 

168 

1927-1931 

4 4 


40 


1 73 


136 

1924 

1 77 


31 

1931 


2 0 

13 

1907-1930 


0 yy 

116 

1931 

4 4 

2 So 

7 

1931 

9 4 

6 95 

171 

1930-1931 

10 1 

4 0 

268 

1931 

4 4 

o 0^ 

207 


1 1 


207 


0 9 


207 


1 4 


207 


4 4 


207 


3 7 

— - 


Including 5 per cent schistosomiasis 
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of the hver reported in the modem Amencan and European hterature is ap- 
proxunately the same as that of the patients m this senes (159, 74) 

;Most authors have found that the disease occurs shghtly earher, on the aver- 
age, m vomen than m men Hennkson (115) found that the average age of 
124 males vnth cirrhosis vas 50 years and of 38 females, 45 years and RoUeston 
and Fenton (226) found that among patients dymg of cirrhosis, the average 
age of males was 50 years, and of females 46 years This is an mterestmg 
parallel to the madence of alcoholism In a survey of IS 000 admissions for 
alcoholism to BeUevue Hospital, Isetr York City (144), it was noted that the 
age group of highest mcidence for males was from 33 to 37 years, and for fe- 
males, from 28 to 32 years The age group of peak mcidence for males who 

TABLE 4 


Aoc distribuiion of patients vnih Lacnncefs cirrhosis at time of onset 


I 

VITT 


TOTAL 

O-i 

2 

1 

3 

5-9 

2 

1 

3 

1&-14 

1 

4 

0 

15-19 

1 

2 

3 

20-24 1 

1 

2 

3 

25-29 

7 

4 

11 

30-34 

9 

7 

16 

35-39 

21 

12 

33 

40-44 

29 

25 

54 

45-49 

55 

16 ! 

71 

50-54 

49 

21 

70 

55-59 

47 

14 i 

61 

60-04 

29 

7 

36 

65-69 

10 

2 

12 

70-74 

2 

1 

3 

75-79 

2 


2 

Total 

267 

119 

3S6 


were certified to have died from alcoholism m the United States from 1934 to 
193S was from 50 to 54 years, while the peak for females was between 35 and 
39 years (234) 

In countries where the life expectancy is short, the peak of greatest mcidence 
of cirrhosis falls earher than m the Umted States or Europe Thus m Calcutta 
(223), 59 per cent of 213 patients who had cirrhosis at autopsj' were between 
21 and 40 years of age, and m Madras, m Southern India, 65 per cent of 177 
patients ivith portal cirrhosis were between 30 and 49 years (168) 

Statistics dealmg with the mcidence of cirrhosis m children are m general 
unsatisfactorj- smee differentiation between congemtal siyihihs of the hver, 
obstmetne cirrhosis due to congemtal abnormahties of the biharj' tract, and 
true portal cirrhosis is usually not made Of 9,000 autopsies on children less 
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Sex incidence 

Laermec’s cirrhosis occurs in males more than twice as frequently as in fe- 
males There were 267 males and 119 females m this senes Although the 
ratio of males to females among the several nationahties is appronmateh 3 to 
2, or 2 to 1 (cf Table 2), there are more than 5 males for each female among 
the Itahans, and of 9 Greek patients onl3' one is a female It is to be noted 
that of the 11 Itahan and Greek women in this senes, onlj" 2 gave a histoir 
of alcohohsm, and none had S3'phihs 

Rolleston and AlcXee (227) collected 645 cases m the Bntish hterature and 
found that of these 74 per cent were m males Of Eppmger’s 373 cases (73), 
72 per cent were m males AIcCartney (165), studymg autops}' matenal, 
noted that although 70 per cent of patients who had sjaaptoms of cirrhosis 
durmg hfe were males, 87 per cent of the latent cases were of that sex De 
Jossehn de Jong (69) reviewed the sex mcidence of hepatic cirrhosis throughout 
the world He observed that there was wide variation not onlj' from country 
to country but within the same country’’ On the average, cirrhosis was from 
two to three and a half tunes more frequent m men than m women Unfor- 
^tunately, his senes included no data from Italy’ or Greece 

The predilection of cirrhosis for males has long been attnbuted to their 
higher mcidence of alcohohsm (39, 144, 131, 27, 228) Of the 16,692 persons 
certified to have died of alcohohsm in the Umted States between 1934 and 
1938, 87 9 per cent were males, and 12 1 per cent females (234) The role al- 
coholism plays m dete rminin g the high percentage of male patients with cir- 
rhosis IS corroborated by the fact that m 58 instances of non-alcohohc Laennec s 
cirrhosis m children, gathered from the hterature, equal numbers of cases oc- 
curred m each sex 

It can be concluded that Laennec’s cirrhosis of the hver is a disease which 
occurs at least twice as frequently m males as m females, a fact which is prob- 
ably explained by the higher mcidence of alcoholism m the former sex 


Age distribuiion 

Although characteristically a disease of late middle life, Laennec’s cirrhosis 
may occur at any age In 84 per cent of this senes, the first sj-mptoms 
peared between the ages of 35 and 64 years, and m 66 per cent, between - 
and 59 years The youngest patient was a two year-old gul, and the oldest was 

a 76 year-old carpenter Table 4 lists by 5-year penods the number of pa 
tients m each group It may be noted that the peak incidence for females oc 


curs five years earher than for males 

Smce the number of persons m the population falls off sharply m the late 3^6 
groups, it is essential to make a correction for the age distnbution of the gen^ 
eral population Figure 1 represents the ratio of the percentage of patien - 
with cirrhosis m each age group, divided by the percentage of the 
Hew ATork City m the same age group, accordmg to the 1930 Umted ^ 
Census The corrected age morbidity mcidence for all cases is seen to r^c 
its peak between the ages of 55 and 59 years The age of patients with cirr o- ' 
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hospitals For lack of other nonnsj these served as approximate control data 
The occupations of the patients in this seii^ are listed in Table 5 By com- 
parison vrith the controls it is apparent that hquor and food handlers are 
sometrhat prone to develop cirrhosis Laborers also have a high mcidence of 
the disease The remaming data are not definitive 

The frequent occurrence of cirrhosis among those vrho handle alcoholic 
hquois professionally vras described early (77, 74, 221, Si) In vanous sene 


TABLE 5 

Occitpsiwn of Ss3 pci.c'iJs trifh Lce'-.rrc s cirrlocis 



rATn:N~rs 

rrxc22rr 

or 

mrciscrcr 

CCEKttOL 

1 snuss* 

Housewife 

79 

20 4 

i 31 4 

Laborers and porters 

24 

6 2 1 

1 3 2 

Bartender, honor dealer, brewery worker 

19 

4 9 

0 1 

Cook, baker, caterer, restauranteur 

IS 

4 7 : 

2 0 

Clerk, stenographer, secr^ary, etc 

17 

4 4 i 

6 7 

Sal^man, saleslady 

U 

3 6 

2 7 

Chaufieur, truckman 

13 

3 4 

1 3 

Mechanic machinist, electriciaa 

H i 

2 9 I 

1 5 

School 

9 

2 3 

11 3 

Painters 

s 

2 1 i 

0 S 

Time keener watchman 

s 

2 1 

0 6 

Cabm'et maker, ca^ienter 

s 

2 1 

1 0 

Waiter, oishwasher, counterman 

S i 

2 1 i 

1 3 

Domestic 

s 

2 1 ’ 

2 7 

Shoemaker, Dootblack 

7 j 

1 1 S i 

0 2 

Factory worker 

7 I 

1 IS i 

2 4 


Also 6 each — ■‘ailor, laiuto* peddler, 4 each — barber, pohceman, laundry worker, artist 
foreman storekeeper, printer, 3 each — iceman physician contractor teacher, engineer, 
hairdresser, cicar maker 2 each — stenoner, entertainer, minister, seaman, radroadman 
milhner butcher, esecuave elerato^operator jankman, chemical worker 1 each — ^press- 
ptmcher, boardinghouse keeper, steam-Stter, boiler-maker, iron-worker scrap-iron worker, 
coufecaoner mvesagator comnamon, stableman, garuener, plumber merchant fumiture- 
pohsher jeweler garageman lawyer, interior decorator doll-maker paper-hanger, hat- 
c'eaner broker coal-miner, usher, wife of restauranteur, wife of bar-tender, tcacolorist, 
sign giluer borer sports instructor, stauonary fireman 
fso occupation 19 dunUcations 12 

* Control group of 1200 consecutive admissions divided among the various hospitals 


from India (212 110) and ihe Orient (2S7, 261) cirrhosis seems to be common in 
farmers Rowntree (229) points out that m the Umted States both alcohohsm 
and cirrhosis are less prevalent m rural than urban areas This is also said 
to be true m England and German (27S3) 

Laennec's cirrhosis is thus a disease which is prone to occur in those occu- 
pational groups m which there is ready access to hicohohc beverages In addi- 
tion, there are isolated cases which are the result of occupation^ exposure to 
other tovic agents 
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than 12 j'^ears old m England, there were 20 cases of cirrhosis "s imil ar to chronic 
interstitial hepatitis met with m spint-dmilang adults”, of these, 2 might have 
been due to syphihs (254) Of 246 autopsies on children under 15 jears of 
age at the Johns Hopkms Hospital, 4 revealed atrophic cirrhosis (111) The 
frequency of portal cirrhosis among pednatric hospital admissions is much 
lower, occurrmg, for example, once m 20,000 hospital cases (178) 

RATIO = 

% OF Cases 


% OF Population 



Age BY 5 YEAR PERIODS 

Fig 1 Age Incidence of 386 Patients with Laennec’s Cibbhosis 

The chart is corrected according to the population of New York City in the same ag 
groups, as derived from the 1930 U S censusj 

Laennec’s cirrhosis is thus a disease particularly prone to occur between the 
fourth and seventh decades It occurs earlier, on the average, m females t an 
m males, this parallels the earher mcidence of alcoholism m the former sex 

Occupation of patients with cirrhosis 

The mcidence of cirrhosis among the various occupational groups was an 
alysed Comparison was made with a group of 1200 admissions to the sever 
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of beverage vas unspecified ildls (174) m iMontreal reported s imi la r findings 
in S3 alcobobc patients vntli cirrbosis 

CorroboratiTe evidence concerning the importance of alcohohsm as a fore- 
runner of cirrhosis can be obtamed from a study of the relationship between 
the mcidence of each During the early years of Prohibition m the United 
States there -was a prompt dechne m the mortahty rate of cirrhosis of the hver 
from the pre-prohibition level of 13 to 14 per 100,000 of the population, to 
about 7 per 100,000 (229) There was a parallel dechne m the incidence of 
deaths from alcohohsm Even more striking are the statistics on deaths from 


TABLE 6 

Incidence of alcoholism in patients tciih Laennec's cirrhosis 


corvizT 

m 

1-ATE£1A1. 

PIXCZJCT 

AlCOSOLICS 

TS2. ci2rrrox.»_L 

United States 





San Francisco 

24 

Cbiucal 

S6 


Los Angeles 

75 

PAI 

46 


Chicago 


Clinical 

7S 


XewYork 

1S3 

PAI 

74 


Philadelphia 1933-S 

29 

PAI 

so 


Philadelphia 193S-9 

2S 

PAI 

45 


Canada 

174 

Clinical 

77 

s 

England < 

226 

312 

PAI 

PAI 

56 

46 


Austna < 

74 

Chnical 

52 (male) 

14 (male) 

74 

Clinical 

19 (female) 

5S (female) 

Switzerland | 

221 

7 

PAI 

PAI 

56 

39 


Phihppines 

13 

PAI 

20 


China 

2S7 

Chnical 

31 


Syria 

313 

Clinical 

9 


India 

212 

Clinical 

r> 

O 

77 

India 

260 

Clinical 


S4 

Turkey 

1 26S 

PAI 

2 5 



Kev PAI = autopsy statistics, clinical = per cent of patients witli cirrhosis regardless 
01 irhether autopsies were performed 


alcoholism and from cirrhosis m England dimng the first World War In 1914 
there were 676 deaths from alcohohsm, and 4,14S from cirrhosis, m 191S, SI 
deaths from alcohohsm and 1,730 from ctrrhosis (2o6) Similar findmgs were 
noted m Germany and Russia (207, 235 21) Smce the repeal of Prohibition 
m the Umted States there has been a nse m the death rate from cirrhosis , m 
1937 the death rate was S 5 per 100,000 of the population, the highest smce 
191S (234) 

Although none of the pediatric patients m the present senes had a history of 
alcohohsm there are frequent reports m the hterature of cirrhosis m juvenile 
imbibers In 1SS7, R Palmer Howard (119) noted that of 63 cases of juvenile 
cirrhosis m the hterature, 10 were m children with a history of alcohohsm Has 
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Role of alcoholism in the etiology of Laennec's cirrhosis 

Two hundred seven patients, or 54 per cent of this senes, gave a histoiy of 
t e habitual consumption of alcohohc hquors Alcohohsm was defined as the 
regular, dady consumption of at least one quart of wme, six glasses of beer, 
or four whiske3’'s” (approximate^ 6 ounces) This consumption agrees 
roughly with the minimum defined bj'' other obsenmrs, namely Barker (10), 
Bazzano (19), and Eppmger (74) This defimtion, admittedly, is arbitrary 
It IS based on the common observation that when this amount is estimated by 
the patient, his family or acquamtances often reveal that he understates the 
facts In general, the mtake of hquor by “alcohohcs” far exceeded this mini- 
mum Sixty’' per cent of the male patients, m contrast to 37 per cent of the 
female patients, admitted alcoholism Probably the true mcidence of al- 
cohohsm IS higher There is no evidence from this survey that one kind of 
alcohohc beverage was a more effective precursor of the disease than another 

The correlation between alcohohsm and cirrhosis has long been noted 
^'esahus (240) m the sixteenth century described “atrophy of the hver” m 
alcohohcs, and Pemel (240) ■wrote that ■wme caused “scirrhus of the hver” 
In 1633 James Hart ■wrote, m a treatise entitled “Diet of the Diseased,” that 
“strong waters produce an irrevocable scirrhus m the hver” (195) Although 
Richard Bright (1827) is generally credited "with ha'vmg called attention to the 
importance of alcohohsm as a precursor of cirrhosis, the relationship must cer- 
tainly have been well kno'wn before that, for m 1820 James Johnson (129) 
■wrote, “In this country^ (England), among the mternal excitmg causes of hepatic 
inflammation, the mgurgitation of mebnatmg hquors and particularly ardent 
spirits has alway’s been ranked foremost, yet I am coni’mced that the acute spe- 
cies of the disease is seldom mduced m this way, though chrome derangements, 
especially’’ of function, are m a great measure occasioned by’ those mjunous 
potations ” 

The mcidence of alcohohsm m patients 'with cirrhosis m x’anous countries 
IS listed m Table 6 It can be seen that the frequency of alcohohsm among 
patients with cirrhosis reported m this senes is of the same order as m other 
Amencan and European senes In Syna and India, however, only a small 
percentage of the patients admitted alcohohsm, yet the mcidence of cirrhosis 
m these countnes is not lower than where alcohohsm is commonly’ associated 
vnth the disease Thus m Vezagapatum, South India, portal curhosis is pres- 
ent m 5 2 per cent of all autopsies (273), but only 3 per cent of patients with 
portal cirrhosis were alcohohcs (260) 

Although there are proponents for each x'anety of alcohohc beverage as the 
most potent precursor of cirrhosis, there is no good e’vidence that the form m 
which the alcohol is taken has any beanng on the frequency’ of the disease 
Alany ■waters have emphatically stated that those who dnnk strong hquors 
are more likely’ to succumb to cirrhosis than those who dnnk ■wmes or beer (39, 
163, 179, 144) Yeld (312) found that of 60 English patients with cirrhosis 
who admitted alcohohsm, 11 were pnmanly’ beer drinkers, 19 drank “spuits, 

11 used both mdiscnmmately’, and there were 19 patients for whom the typ^ 
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of beverage vas unspecified 2^IiUs (1/-4) in ilontreal reported similar fi n din gs 
in S3 alcobobc patients mth crrrhosis 

Corroborative evidence concemmg the importance of alcoholism as a fore- 
runner of cirrhosis can be obtamed from a study of the relations h ip between 
the mcidence of each During the early years of Prohibition m the Umted 
States there was a prompt dechne m the mortahtj* rate of cirrhosis of the hver 
from the pre-prohibition level of 13 to 14 per 100,000 of the population, to 
about 7 per 100,000 (229) There was a parallel dechne m the mcidence of 
deaths from alcoholism Even more striking are the statistics on deaths from 

TABLE 6 


Incidence of alcoholism in palicnls with Lacnnec’s cirrhosis 







COrSTST 

irrr2i:s._t. 

XATHSIAI. 

AXCOSOUCS 

ASSTADTESS 

United States 





San Franasco 

24 

Chnical 

S6 


Los Angeles 

75 

PAI 

46 


Chicago 

209 

Chnical 

78 


Kew York 

1S3 

PAI 

74 


Philadelphia 1933-5 

29 

PAI 

30 


Philadelphia 193S-9 

2S 

PAI 

•15 


Canada 

174 

Chnical 

77 

S 

England < 

226 

312 

PAI 

PAI 

55 

46 


Austria < 

74 

Chmeal 

52 (male) 

14 (male) 

74 

Climcal 

19 (female) 

5S (female) 

Switzerland < 

221 

PAI 

56 


> 

PAI 

iiy 


Phihppmes 

13 

PAI 

20 


China 

2S7 

Chmeal 

31 


Syria 

313 

Chmeal 

9 


India 

; 212 

Chmeal 

3 

77 

India 

260 

Chmeal 


54 

Turkey 

1 26S 

PAI 

2 5 



Key PAI = autopsy statistics clinical = per cent of patients mth cirrhosis regardless 
of whether autopsies were performed 


alcoholism and from cirrhosis m England durmg the first TTorld War In 1914 
there were 676 deaths from alcohohsm, and 4,148 from cirrhosis, m 191S, SI 
deaths from alcohohsm and 1,730 from cirrhosis (256) Smular findmgs were 
noted m Germany and Russia (207, 235 21) Smee the repeal of Prohibition 
m the Dmted States there has been a nse m the death rate from cirrhosis , m 
1937 , the death rate was S 5 per 100,000 of the population, the highest smee 
1918 (234) 

Although none of the pediatnc patients m the present senes had a history of 
alcohohsm, there are frequent reports m the hterature of curhosis m juvenile 
imbibere In 1887, R Palmer Howard (119) noted that of 63 cases of ju\ enile 
cirrhosis in the hterature, 10 were m children with a histoiy of alcoholism His 
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senes included a numbei of cases nliieli probably were not portal cirrhoas, 
but rather congenital syphihs of the hver, or congenital atresia of the bile- 
ducts Jones (135), m 1907, made an excellent re-vnew of the hterature up to 
at tune, gathermg /4 cases, mcluding 2 of his own, of juvenile cirrhosis in 
w c there was a histoi^’’ of alcoholism The sjnnptoms in these juvenile 
cases diffeied “but httle from those m the adult ” The children m Jones’ 
senes weie usualljr given the alcohohc beverages by then parents He pointed 
out that the dose of alcohol apparently effective m “causmg” cirrhosis in chil- 
dren IS propoitionaUj’- smaller than m the adult 
The sex mcidence of alcoholism as it affects the mcidence of cirrhosis has 
already been discussed 

Although the frequency of alcohohsm is high m patients with cirrhosis of 
the hver, the reverse correlation is not as good The incidence of cirrhosis 
among chrome alcohohcs is vanously estimated at from 1 to 30 per cent These 
data are illustrated m Table 7 A possible inference from the data is that al- 

TABLE 7 


Incidence of Laennec’s cirrhosis in alcoholism 


couvrB\ 

KZIXRZNCE 

MATEEIAI. 

PEXCESt 

cruflObis 

United States 

So 

PM 

24 

United States 

29 

PM 

25 4 

United States 

163 

4-6 

Prance 

27 

Clinical 

30 4 

Germany 

18 

PM 

5“6 

Germany 

73 

PM 

3 6 

Germany 

87 

PM 

1 0 


cohohsm itself is not the sole cause of Laennec’s curhosis of the liver The 
fact that the disease occurs commonly in India, Java, and Cejdon, where alco- 
hohsm IS rare, supports this mterpretation 
Thus, the r61e of alcohohsm m the etiologj’^ of curhosis is obscure In a re- 
xnew of experimental cirrhosis of the hver in laboratoi^’- animals. Moon (176) 
cited many unsuccessful attempts to produce the disease the admmistration 
of alcohol Noteworthj’’ are the experiments of Friedenwald (91) who was un- 
able to pioduce curhosis m rabbits by the dad}^ administration for 4 years of 
5 to 8 cc of absolute alcohol diluted m 20 to 30 cc of water In a prehminarj 
report (191) on the treatment of 13 patients with curhosis of the hver, and m a 
more detailed report (192) on 64 patients it was suggested that the correlation 
between alcohohsm and curhosis of the hver might be due to co-existmg nutn- 
tional deficiency, m a manner analagous to alcohohc ben-ben and alcohohc 
pellagra Such an h 5 qiothesis could explam the occurrence of curhosis of the 
hver m both alcohohc and non-alcohohc subjects 

At the present tune one maj’’ conclude that alcohohsm is a common precursor 
of Laennec’s curhosis of the hver, but that it is neither the onlj’-, nor neces- 
sarily the most important predisposmg cause 
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Syplnhs as a precursor of Lacnnccs cirrhosis 

Svpliilis ■^as present in 62 patients, or 16 per cent of the patients in this 
senes This rras recognized by either a positive serology or by the storj' of 
piimaiy leaon and treatment Sera shoivmg only one or two plus reactions 
to the cholestermized antigen and sera showmg anti-complenientan’ TTasser- 
mann reactions were considered to be negative As far as could be ascertamed, 
none of the patients m this senes had 5511111113 of the hver Thirti'-four of the 
62 patients previouslv had received arsenical therapv. 

This high mcidence of syphihs among patients with cirrhosis was recogmzed 
earb-, Frenchs (90) in 1S60 reporting that 6 of 36 patients with curhosis had 
syphihs In 1902, Sears and Lord (23S) noted that among 7S patients found to 
have cirrhosis at autopsi', excludmg ana' with active S5*phihtic lesions 12 per 
cent gave a previous history of syphihs In this senes, as well as m most 
others, a comparison with the mcidence of svphihs m general autopsi* material 
was not made 

FoUowmg the discovery of the "Wassermann reaction, a number of authors 
reported that the mcidence of sa’phihs among patients with cirrhosis was much 
higher than had previously been suspected {14S, 262, 149) Perhaps because of 
improvements m the techmque of serologic exanunation, recent senes no longer 
mclude such high percentages of patients with syphilis Boles and Clark (29), 
m 1936 reported the history of S5'phih5 in 9 3 per cent of patients with portal 
cirrhosis at necropsy, and Evans and Gra 5 ' (75), m 19SS, noted that 12 per cent 
of 217 patients who had cirrhosis at autopsv were st’pluhtic 
Svphihs IS found as a precursor of cirrhosis m countnes where alcoholism 
is unimportant as a predisposmg factor Thus m Stria, 12 per cent of 70 pa- 
tients had st'phihs (313) and m Southern India (212) the sera of 41 of 00 
patients with portal cirrhosis and asates gave a positive Wassermann reaction 
The high mcidence of styhihs among patients with curhosis is without obvious 
explanation Schumacher (237), who reviewed the hterature on svphihs and 
curhosis and who reported 43 cases of cirrhosis from the New A'ork Hospital, 
beheved that ‘ st’phihs long contmued m association with alcoholism, and per- 
haps alone, mat- cause diffuse curhosis of the hver Ferns (79), however, 
has shown that m rabbits infection with spirochaeta palhda produced no sig- 
nificant mcrease m the mcidence of cirrhosis induced bv the mjection of chloro- 
form 

The concurrence of syphihs and Laeunec’s curhosis of the hver raises several 
questions (1) "What is the mcidence of svphihs m comparable senes of cases, 
whether chmeal or autopsv material'^ (2) What is the mcidence of cirrhosis 
m persons with st-phihs"’ (3) I^hat is the mcidence of svphihs m chrome 
alcohohcs without cirrhosis‘s (4) How vahd is the Wassermann reaction m the 
presence of curhosis of the hver'’ 

These control data are not at hand, and without them the significance of the 
association of the two diseases is questionable One ma 5 ' conclude that s^-pli- 
ilis IS a rather frequent concomitant of Laennec s cirrhosis, the significance of 
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senes mcluded a numbei of cases ■which probably ■were not portal cirrhosis, 
but rather congenital sj’phihs of the hi'^er, or congenital atresia of the bile- 
ducts Jones (135), in 1907, made an excellent rene^w of the hterature up to 
that tune, gathenng 74 cases, mcluding 2 of his o^wn, of jm'enile cirrhosis in 
■which there was a history of alcohohsm The symptoms in these juvenile 
cases diffeied “but httle from those m the adult ” The children in Jones’ 
senes were usually given the alcohohc beverages by their parents He pointed 
out that the dose of alcohol apparentl 3 ' effective m “causmg” cirrhosis in chil- 
dren IS proportionally smaller than m the adult 
The sex mcidence of alcoholism as it affects the mcidence of cirrhosis has 
alread}^ been discussed 

Although the frequenc 3 ’’ of alcoholism is high m patients "with cirrhosis of 
the hvei, the reverse correlation is not as good The mcidence of cirrhosis 
among chrome alcohohes is vanousty estimated at from 1 to 30 per cent These 
data are illustrated m Table 7 A possible inference from the data is that al- 

TABLE 7 


Incidence of Laennec's cirrhosis in alcoholism 
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cohohsm itself is not the sole cause of Laennec’s cirrhosis of the liver The 
fact that the disease occurs commonl 5 ’- in India, Java, and Ce 3 don, where alco- 
holism is rare, supports this mterpretation 

Thus, the role of alcohohsm m the etiology of curhosis is obscure In a re- 
view of experimental cirrhosis of the hver m laboratoi^' animals, Moon (H ) 
cited many unsuccessful attempts to produce the disease by the administration 
of alcohol h7oteworth3^ are the experiments of Tnedenwald (91) who was un 
able to produce curhosis m rabbits by the dail 3 ’' administration for 4 3 'ears 
5 to S cc of absolute alcohol diluted m 20 to 30 cc of water In a prelumnarv 
report (191) on the treatment of 13 patients ■with curhosis of the hver, and m a 
more detailed report (192) on 54 patients it was suggested that the correlation 
between alcoholism and curhosis of the hver imght be due to co-existmg nu n 
tional deficienc 3 ’', m a manner analagous to alcohohc ben-ben and alco o c 
pellagra Such an h 3 'pothesis could e'vplam the occurrence of curhosis o 
hver m both alcohohc and non-alcohohc subjects 

At the present tune one ma 5 ’^ conclude that alcoholism is a common precur- 
of Laenmec’s curhosis of the hver, but that it is neither the only, nor neces 
sanl3' the most unportant predisposmg cause 
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A, C and D Forty-four of his 61 patients with portal cirrhosis with ascites 
were malnourished; 39 came from the lowest economic levels In Ceylon, the 
diet, ‘’lackmg m mtrogenous consiitutents and vitamins,’ on which the patients 
subsisted before the onset of their disease, was considered of major importance 
(278) A study of the diet of patients m Syria, where alcohol is unimportant 
as a predisposmg agent m cirrhosis, showed it to be poor m proteins, and Tita- 
Timn A, with bread and l^umes the staple foods (313) In a report of SI cases 
with cirrhosis of the hver m China, Yang (311) observed that over 70 per cent 
of the cases were m the labormg class who hved on coarse carbohydrate food 
and who led a strenuous, muscular and outdoor hfe Although the above 
authors stress the poor dietary m the background of cirrhosis of the hver, other 
factors such as entenc fever, malana, and parasitic infestations are considered 
by them to be of pnmaiy etiologic importance It should be noted that these 
same diseases would aggravate a state of nutritional deficiency 

At least half of the cases of cirrhosis of the hver m this country occur m alco- 
hohcs (see Table 6) The frequent association of dietary deficiency with chrome 
alcohohsm is now well recognized Romano (228) found that of 96 alcohohes 
78 per cent had a history of an inadequate diet, which was e'ctreme m 9 cases 
In a preliminary report on 13 patients with cirrhosis of the hver, Patek (191) 
found marked evidence of malnutrition, and specifically signs of lack of the 
ITtamm B complex The diets of the patients were found to be deficient m 
meat and dany foods When the patients were fed a highly nutritious diet, 
ample m these foods and supplemented by Titamm B concentrates the clmical 
improvement that followed seemed outside chance expectation These find- 
mgs were confirmed and extended m a report on 54 patients observed durmg a 
four-year period (192) Smular favorable results of therapy with a nutritious 
diet and vitamm concentrate have recently been reported by Snell (249) m 
50 case of cirrhosis Case reports of mdividual patients who responded favor- 
ably to this treatment have been published by Meyers (172) Prado (204) and 
Richet and his collaborators (219) Cormor (62) also has expressed the opmion 
that dietary deficiency may be a significant or predisposing factor m thi=: dis- 
ease Waj'bum and Guerard (288) reviewmg the association of peripheral 
neuritis and cirrhosis, found that 72 of 272 patients with cirrhosis, or 26 per 
cent had a histoiy of a deficient diet, mcludmg 10 patients with outspoken 
pellagra 

The role of diet m the etiology of cirrhosis has been the subject of a number 
of recent experimental studies It has long been known that starvation renders 
the hver mlnerable to mjury (66) Recent studies mdicate that the feedmg 
01 yeast (2S2, 138), of protem (98, 173 246), and of chohne (25) may afford a 
degree of protection agamst hver poisons Other studies suggest that the lack 
of certam unknown factors contamed m yeast brmgs about fibrotic changes m 
the hvers of rats (103 104, 290, 291), and rabbits (216, 217) The feedmg of 
excess fat (52 104 290, 291, 25) or cystme (70, 104) and of diets low in protem 
(104, 291 152, 25) also are said to cause fibrotic changes m the hver of ex- 
perimental animals Possibly a balance of food factors may be essential to the 
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Tvhicli IS not clear Some cases of cirrhosis ma5’ be the result of therapy with 
arsemc compounds 

Coincidence of alcoholism and syphilis as a precursor of Laennec’s cirrhosis 
If there were a synergistic relation between alcoholism and sj^ hilis m the 
causation of cirrhosis, thej' should co-exist oftener than could be accounted 
for b3’' chance However, if the two act as mdependent agents, or if either is 
merel3' an mcidental findmg m the background of the disease, their co-enstence 
should follow the role of chance Alcoholism occurred m 207, and syphilis 
m 86 of the 386 patients Theu chance co-existence should occur m 8 6 per 
cent of the cases (cf Table 8) Actuall3’-, 32 of the patients, or 8 3 per cent 
of the senes, had both a history* of alcohohsm and evidence of syphilis In 
this senes, therefore, the3* appear to co-exist withm the hmits predictable bi 
chance 


TABLE S 


Coexistence of alcoholism and syphilis in patients with Laennec’s cirrhosis 
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Chance expectancy of coexistence of alcohohsm and syphihs 
207 X 62 

ggg = 33 2 cases/386 = S 6 per cent 

Actual coexistence of alcohohsm and s\-phihs 

32 cases/3S6 = 83 per cent 

Dietary history 

The large ma]ont3^ of hospital records reported here make no mention of the 
patients’ food mtake or eatmg habits Fort3’ patients, or about 10 per cent, 
gave a histor3^ of a diet low m fat, protem, carboh3’^drate, or xutamm-containing 
foods Of these 40 patients, 27 were alcohohcs In addition to these, there 
were 27 patients with penpheral neuntis Assummg that these patients a -o 
had deficient dietanes, a total of 67 cases, or 17 per cent of the total senes, 
gave evidence of deficient diets These figures are probabl3’’ madequate, si^e 
a parallel study of cirrhosis (at the Research Service of the First Division o ^ 
Welfare Hospital) rex’eals a much higher mcidence of dietar}* deficienc3 m 

such patients (191, 192) r a f n the 

Attention was first directed to the possible contributor}' role of die 
etiolog3' of cirrhosis m those countries where alcohohsm was mimiportant m 
background of the disease In India, the excessive use of condiments m t e e 
was first blamed for the high mcidence of cirrhosis there In a more cn 
recent suiwey by Rao (212), the diets of patients with cirrhosis m 
India were descnbed as usually deficient m protem, fat and vitamms, espe 
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A, C and D Porty-four of his 64 patients with portal cirrhosis with ascites 
were malnourished, 39 came from the lowest economic levels In Ceylon, the 
diet, “lackmg m mtrogenoiis constitutents and vitamins,” on which the patients 
subsisted before the onset of their disease, was considered of major importance 
(27S) A study of the diet of patients m Sima, where alcohol is unimportant 
as a predisposmg agent m cirrhosis, showed it to be poor m proteins, and 'Mta- 
mm A, with bread and legumes the staple foods (313) In a report of 84 cases 
with cirrhosis of the hver m Chma, A'ang (311) observed that over 70 per cent 
of the cases were m the labonng class who hved on coarse carbohydrate food 
and who led a strenuous, muscular and outdoor hfe Although the above 
authors stress the poor dietarj* m the background of cirrhosis of the hver, other 
factors such as enteric fever, malana, and parasitic infestations are considered 
bi' them to he of pnmarj' etiologic importance It should be noted that these 
same diseases would aggravate a state of nutntional deficiency 
At least half of the cases of cirrhosis of the hver m this countrj' occur m alco- 
hohcs (see Table 6) The frequent association of dietarj* deficiency with chrome 
alcohohsm is now weU recogmzed Romano (228) found that of 96 alcohohes, 
78 per cent had a history" of an madequate diet, which was extreme m 9 cases 
In a prehmmary report on 13 patients with cirrhosis of the hver, Patek (191) 
foimd marked endence of malnutntion, and specificalli’ signs of lack of the 
lutamin B complex The diets of the patients were found to be deficient m 
meat and dairi' foods When the patients were fed a highly nutations diet, 
ample m these foods and supplemented by tltamm B concentrates, the chmeal 
improvement that followed seemed outside chance expectation These find- 
mgs were confirmed and extended m a report on 54 patients observed durmg a 
four-year period (192) Similar favorable results of therapj' with a nutritious 
diet and ntamm concentrates have recently been reported by Snell (249) m 
50 cases of cirrhosis Case reports of mdiiudual patients who responded favor- 
ablv to this treatment have been published bj- IMei'ers (172), Prado (204), and 
Richet and his collaborators (219) Connor (62) also has expr^sed the opmion 
that dietaia* deficiency maj’ be a significant or predisposmg factor m this dis- 
ease Waybum and Guerard (288), reviewmg the association of penpheral 
neuritis and cirrhosis, found that 72 of 272 patients with cirrhosis, or 26 per 
cent, had a lustoiy of a deficient diet, mcludmg 10 patients with outspoken 
pellagra 

The role of diet m the etiology of cirrhosis has been the subject of a number 
of recent experimental studies It has long been known that starvation renders 
the hver lailnerable to mjurj' (66) Recent studies mdicate that the feedmg 
of yeast (282, 138), of protem (98, 173, 246), and of chohne (25) ma}’ afford a 
degree of protection against hver poisons Other studies suggest that the lack 
of certam unknown factors contamed m j'east brmgs about fibrotic changes m 
the hvers of rats (103, 104, 290, 291), and rabbits (216, 217) The feedmg of 
excess fat (52, 104, 290, 291, 25) or cj'stme (70, 104) and of diets low m protem 
(104, 291, 152, 25) also are said to cause fibrotic changes m the hier of ex- 
perimental animals Possibly a balance of food factors may be essential to the 
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integnty of the hver The significance of these studies m relation to human 
Laennec’s cirrhosis awaits further confirmation and clarification 


Htsiory of -previous jaundice 


The histoiy of an episode of jaundice, apparently unrelated to their present 
illness, was given by 25 patients, or approxunatelj* 6 5 per cent of this senes 
The nature of the jaundice was not clear Such episodes occurred from one 
to 36 3'ears before the onset of clinical cirrhosis In two mstances the jaundice 
was attnbuted to arsemc poisomng 

Soffer and Paulson (250) studied 11 patients with a histoiy of '‘catarrhal 
jaundice” 3 months to 18 3'ears previously, usmg the bihrubm excretion test 
Nme of these patients showed abnormal retention of mjected bihruhin Polacl 
(200) described 8 patients from 24 to 29 years of age who had a syndrome of 
“chrome hepatitis” for from 3 to 8 3’ears foUowmg an mitial episode of “acute 
hepatitis ” These patients were chromcally fatigued, had a sensation of full- 
ness m the nght side of the abdomen, and tenderness under the nght costal 
margm In 3 cases there was persistent shght icterus which was accentuated 
at tunes The urme of these patients practically always contamed urobilmogen 
or bile acids or both Durmg exacerbations which lasted from one to several 
weeks, there was shght enlargement of the hver and loss of appetite and weight 
The spleen never became palpable Polack felt that these patients were m the 
pnmar3'^ stages of cirrhosis No biopsies were taken of any of these patients 

Carmol (48) m 1922 desenbed a case of cirrhosis foUowmg a transient episode 
of jaundice mdistmguishable from “epidemic jaundice ” The patient had a 
remission, but died 5 years afterwards following an illness characterized hi 
fever, xmmitmg and diarrhea At post-mortem she was found to have atrophic 
cirrhosis, an enlarged spleen and pen-hepatitis and pen-splemtis Snort} 
after this, Jones and himot (133) reported 3 cases of sporadic jaundice m whic 
the jaundice lasted for several months At operation, cirrhosis of the hier 
and an mflamed bfiiarj^ tract were found 

Eppmger (74) noted that 14 per cent of 269 male patients, and 12 per cen 
of 107 female patients with cirrhosis gave a history of an earher “catarr a 
jaundice ” In Southern India, Hao (212) noted such a history m 8 of 64 pa 


tients with portal curhosis and ascites , 

Bloomfield (24) found that 4 of 41 patients with advanced curhosis had a 
defimte historj' of an “ancient jaundice” from 8 to 27 3'ears before, three ot eis 
gave a doubtful history, but he pomted out that patients are hable to unagin 
that a prenous sallow complexion was “jaundice ” He concluded that acu 
hepatitis IS rareb' the precursor of or an mitial stage of what later deve ops in 
advanced cirrhosis Bloomfield also noted that cases indistmgiusha ® 
ically from acute hepatitis ma}' progress fatall3' with the sjmptoins an pa 


ogy of portal cirrhosis 

Connor (63) and Pratt and Stengel (205) reported similar senes of c^, 
which an episode similar to acute hepatitis marked the onset of the a 
r^receded it by several years The usual pathologic picture was that of 
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grossly deranged liver ivitli nodules of liver cells betvreen coarse dense con- 
nective tissue, necrosis and regeneration of liver cells vere sometimes seen 
FoUowmg ilallorys (160) clasificanon, these authors classified these cases 
as instances of "tome cirrhosis ’ 

There are differences of opinion concerning the type of cirrhosis that foUovs 
acute or subacute hepatitis ilallory has described as a separate group cases 
of “tome cirrhosis ’ vhich represent healed acute or subacute yellov atrophy 
In these cases the fibrosis is diffuse and generalized, mvolvmg the central as 
well as the portal areas There is no doubt that certam hvers conform to this 
descnpfaon at autopsy. Others appear to be “nosed” m type Still others, 
of which the dimcal lustoiy has been that of healed yellow atrophi’, reveal 
hisfdogjc findmgs of Laennec's cirrhosis Whether or not “tome cirrhosis is 
an entity has been questioned by various workers It has been shown, for 
example, that m experimental cirrhosis, caused by hepatotoxms such as arsemc 
and carbon tetrachloride, either a central or portal distribution of lesions can 
be produced, dependmg on the seventy and duration of the poisonmg 

In summaiy, a significant number (6 5 per cent) of patients with Laennec’s 
cirrhosis gave the history of an earher episode of jaundice It is therefore 
posable that recovery from episodes of “catarrhal jaundice ” or “epidermc 
jaundice, ’ or “acute hepatitis” may be followed by permanent structural 
damage leadmg finally to a clinical and pathological picture indistmgmshable 
from Laennec s cirrhosis 

History of exposure to toxic agents 

-4,. Arsenic Thirty-sis; of the patients m this senes were exposed to enteral 
or parenteral arsemc Of these, 34 had been treated with arsphenamme or its 
derivatives Two of these 34 patients were jaundiced durmg the penod of 
therapy Seventeen of the 36 patients, or 4 4 per cent of the senes, gave the 
additional history of alcoholism The chance comcidence of these two factors 
would be approximately 5 0 per cent As with syphihs and alcoholism, there- 
fore, their comcidence here has no significance 

In 1S9S Geyer (93) reported an epidemic of arsemc poisonmg at Reichen- 
stem m Schlesien, and mentioned the frequent occurrence of ascites Two 
years later there was an epidennc of arsemc poisonmg m beer drinkers m the 
Midlands and Xorth of England The source of the arsenhe proved to be 
sugars used m brewmg the beer One author m reportmg this epidermc noted 
‘ a number of cases of cirrhosis' (215) Sturrock and Brown (259) desenbed 8 
patients with “mterstitial hepatitis" , these had a syndrome characterized by 
swelhng of the abdomen pam m the right upper quadrant and m half of the 
cases, bloody stools Phi’sical exammation revealed that the hver was en- 
larged and tender* sometimes there was icterus and asates These patients 
recovered 

Baldndge (9) reported that of 36 cases of alcohohe or tome cirrhosis, 12 were 
m patients who had had treatment with arsphenamme Two of these patients 
had other simptoms of arsemcal poisonmg O’Leaiy, Snell and Banmck (185) 
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revieTred the literature and described two patients who had taken morganic 
arsenic for several 3’^ears and who had developed ascites Bromsulfaleui tests 
in these patients showed shght abnormal retention of the dye Other instances 
of chrome hvei disease due to morgamc arsemc poisomng have been reported 
by Hutchinson (123), Hamburger (107), Stockman (257), and TVen (292) 

\ on Glahn, Fhnn, and Keun (281) have demonstrated m rabbits that cirrhosis 
of the hver maj' be produced by feedmg small amounts of arsenates 
B Lead Nme of the 386 patients m this senes were exposed to lead m then 
occupations However, smee seven of these were alcohohcs, and since 3 vere 
exposed to arsemcals as well, there would appear to be no endence that ex- 
posure to lead was an etiologic factor m this group of patients 
In 1888 Potam (203) reported a case of cirrhosis m a non-alcohohc patient 
which he beheved might have been due to lead poisomng Bottnch (33) m 
1933 desenbed a case of cirrhosis m a patient with known lead poisoning, but 
he did not know whether thej*^ were causaUj- related Bazzano (19) renewed 
the mcidence of curhosis m lead poisomng He found that among 500 pamters 
with lead poisomng, 4, or 0 8 per cent, had cirrhosis AH these 4 were al- 
cohohcs, as were 217 of the 500 patients Fortj'-three per cent of the patients 
had enlargement of the hver Half of these patients were alcohohcs, drinking 
a quart or more of wme each da3’’ In a recent surve3’’ of the effect of exposure 
to lead arsenates on orchardists and consumers of sprayed fruits (182), no 
mention is made of the appearance of jaundice, ascites, enlargement of the 
hver or an3' hepatic patholog3' m these subjects 
In all hkehhood, therefore, lead need not be considered an etiologic agent 


m cirrhosis m man 

C CincJwphen There was no instances of cirrhosis m this senes which 
could be attnbuted to cmchophen poisomng There are numerous reports m 
the hterature of hver damage and cirrhosis due to cmchophen and its deni a- 
tives These were reviewed m 1932 b3^ Weis (295), and the followmg 3 ear by 
Weir and Comfort (293), who collected 117 cases of cmchophen poisomng with 
hver damage, mcludmg 61 patients who died Weis pomted out that the tox- 
icity’’ of cmchophen seemed imrelated to the dose of the drug taken by t e 


patient 

D Miscellaneous hloon (176) has renewed the action on the hver ofian 
ous toxic agents Carbon tetrachloride is an effective agent for the production 
of cirrhosis of the hver experrmentaUj’^ (44) Peery (196) has recently re 
newed the effects of carbon tetrachloride poisonmg m man Pomde-xter an 
Greene (199) reported an instance of hepatic curhosis m man, xenfied 
topsy^, foUowmg e-xposure to a cleamng mixture contammg 55 per cent car on 
tetrachlonde Other mstances m which exposure to this chemical was 0 ^ 
lowed by' symptoms suggestive of hepatic mvolvement hax'e been reporte 3 
Butsch (41), McGmre (166), and Lyon (156) , 

Chloroform, another agent produemg hx'er mjury' m the expenmen ^ > 

seldom causes the disease m humans Brunner (38) reported 2 ^ 

tients anesthetized with chloroform, and mentioned 2 others m e 
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literature Brunner s panents died 3 and 5 days after anesthetiration, and at 
autopsr vrere found to hare cirrhosis of the hver It seems hkely that this 
antedated the exposure to chloroform which put an added lethal burden on 
the hver 

TTillcox and SpiUsbuiy (300) reported that idracMordhanc, used m m a k ing 
a ‘ dope for airplanes caused cirrhosis among factory workers exposed to its 
vapors TvchloTdhanc. used m the manufacture of artificial pearls has also 
been reported to produce cirrhosis (SO) 

Willmot and Eoberteon (303) descnbed a ^drome among the poorer classes 
of Europeans hvmg m South Africa which mcluded frequent hematemeses 
melena enlargement of the hver and ascites The patients died 2 weeks to 
2 years after the onset of symptoms On pathological exammanon the hver 
was enlarged with ddation of the capdlanes between the hver cells, infiltration 
with round cells and new fibrous tissue 'Willmot and Eobertson beheved the 
syndrome was identical with scncc o, a disease of cattle known m Xova Scotia 
as Pictou disease and m Xew Zealand as "Wintons disease Senecio, they 
beheved, is due to the mgestion of the weeds scnccw ihcifolnis and biirchdh 
Eecently Davidson (65) isolated the alkaloid rdrorsmc from senecio weed and 
found that it produces hemorrhage and necrosis in the hver of rats 
A number of other substances have been claimed to produce cirrhosis in 
humans Among the nanves of Tierra del Fuego there is a syndrome of icterus, 
hypertrophy of the hver followed by atrophy, and hemorrhage from mucous 
membranes This was attributed (239) to the eatmg of mussels, which formed 
the major part of then diet Cases of cirrhosis have been descnbed m persons 
who habitually drank large quannties of vmegar (132 76) 

Cirrhosis has been produced experimentally by a number of other agents 
with which humans may come m contact Snuth (247) foimd that 20 per cent 
of expenmental animals given sdcrf’um develop cirrhosis of the hver Man- 
ganese alone or m combmatioa with chloroform, readily produces cirrhosis m 
rabbits (1221 Smee sfiica is found m beer, it has been accused of causmg 
cirrhosis, but although colloidal sihca causes an mcrease m the penporral con- 
nective tissue of the hver when repeatedly mjected mtravenously m rabbits, 
sfiica by mouth is non-toxic (102 92, 242) An ether- and acetone-soluble 
substance has been isolated from the meal of buckwheat which produces “an- 
nular cirrhosis m dogs and mice and a non-mahgnant rumor of the hver m 
the latter animals (142) Pi enuJhi/dra^inc used m the treatment of poly- 
cythemia vera produces hepatic cirrhosis m rabbits only mconstantly, but m 
combmation with manganese produces cirrhosis m the gumea-pig and possibly 
the rabb’t (122) 

Small doses of phosphorus have long been known to produce cirrhosis of the 
hver m experimental animals ilalloia- (loS) thought that coniammation with 
phosphorus might explam the role of alcohol m the pathogenesis of cirrhosis 
Analvsis of 25 samples of ‘"hard hquor however did not reveal any contami- 
nation with phosphorus The mgestion of copper was found bv Alallon*, 
Parker and Xye (161) to produce a pigment cirrhosis m rabbits gumea-pigs. 
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moiike5^s, and sheep (162) The conflicting endence concerning the role of 
copper in the etiologj^ of cirrhosis has been lenewed by Robert (220) It i5 
beyond the province of this article to discuss the relationship between copper 
poisoning and human hemochromatosis There is, however, no evidence that 
coppei poisomng plays any role m the etiolog3’- of Laennec’s cirrhosis m man 
Recently cirrhosis has been produced by admmistenng furfural to rats fed 
a diet of pohshed nee supplemented by carrots (181) Furfural is present m 
sake, a common alcohohe beverage m Japan Other substances present m 
sak4 did not produce cirrhosis 


Diabetes melhtus 

The mcorrect diagnosis of Laennec’s cirrhosis is made occasionally because 
of the presence of a palpable hver m patients mth diabetes melhtus After the 
the exclusion of such cases, together with those of hemochromatosis, there 
remam m our series 13 cases of Laennec’s cirrhosis in which the diagnosis o 
diabetes melhtus vas made, and 8 other patients whose tests revealed glucose 
tolerance curves that wei e characteristic of diabetes meUitus This total of 2 
cases, or 5 per cent of the senes, is an unexpectedly high mcidence Howeier, 
9 of the patients were Jews, m whom the high mcidence of diabetes meUitus 
has long been lecognized 

There are few reports conceimng the comcidence of diabetes and cirr oais 
of the hver Yeld (312) found m pathological matenal that among 131 casK 
of cirrhosis there were 2 patients with diabetes meUitus Among 126 patien w 
wuth cirrhosis conung to autopsy, Blumenau (26) described 4 m whom t e im 
mediate cause of death was diabetes melhtus Rabl (207) noted 3 cas^ id 
which chabetes melhtus was present among 275 autopsies m which cur Oais 
was present In addition, there were 21 instances of hemochromatosis m » 

senes i - r\ cd 

In a carefuUy studied series of 118 cases of Laennec’s cirrhosis OJ^e ^ 

■post-mortem, Robert (220) noted that diabetes melhtus was present “ ' " 
cent of patients compared with 2 4 per cent of adult patients in whom cur 
was not present at autopsy Hepatic curhosis, however, is apparent!}" unco 
mon among diabetics WUder (301) found emdence of cirrhosis or hepax _ 
m only 0 7 per cent of 2,584 cases of diabetes meUitus at the I\Iayo Olmic 
beheved that “When hepatic disease was found, it seemed rarely to e re 

to the diabetes or to affect it senously ’’ ,.plnt,on of 

Experimental studies haie been reported concermng a Possible ^ 
pancreatic function to the development of hver cirrhosis It has »^n _ 
that hgation of the pancreatic ducts, depancreatization or gi 
m dogs are foUowed by fatty infiltration of the hver The f 3 tgr-ex- 
so produced can be preiented by feedmg law pancreas, 
tracted meat powdei (210) Chaikoff, Connor and after 

have reported the development of portal cirrhosis in J m the 

to 5 years Recently they succeeded in producing cirrhot g 

dog I- teedmg alone (o3) Smee the hver of chrome alcohohce char 
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acteristically has a high fat content the inference might be drawn that fatty 
infiltration was a necessary precursor to the development of cirrhosis It would 
be premature to draw such conclusions at the present time The cirrhosis 
produced experimentally by selenium and by cystme is not correlated with 
fatty infiltration The relation (if it exists) of pancreatic function to fatty 
infiltration, and m turn of fatty infiltration to cirrhosis of the hver is not clearly 
established 

There are a number of cases reported m the hterature m which, with the de- 
velopment of cirrhosis of the liver a pre-existmg diabetes melhtus was ameh- 
orated (32, 2nS) The converse, m which regulation of diabetes m a patient 
with cirrhosis was accompamed by a remission of the latter disease likewise 
has been descnbed (161, 112) 

Etsiory of thyroid disease 

Zsioon (176) directed attentaon to a parallel between the death rate from 
thyroid disease and from cirrhosis of the hver He pomted out that the high- 
est mcidence of cirrhosis m Europe is m Switzerland, where goitre is prevalent 
However m the present senes there were but 4 cases of goitre m 3S6 cases of 
cirrhosis Of these, 3 were non-toxic, the fourth had hyperthyroidism comci- 
dent with cirrhosis of the hver Among 112 patients with cirrhosis of the hver 
and ascites at the ^layo Climc (64), 2 had hyperthyroidism These findings 
suggest a low mcidence of thyroid disease m patients with cirrhosis of the hver 
m this country 

Nevertheless there is substantial evidence that thyroid disease, specifically 
hyperthyroidism, may lead to diffuse hver damage and cirrhosis Impaired 
hver function has been reported by a number of workers (314, 151, 15, 157) 
Others have demonstrated evidence of hver damage at histological section 
Beaver and Pemberton (20) reported autopsy findmgs on 107 cases of exophthal- 
nuc goitre A significant number of these cases had either acute degenerative 
lesions of the hver or cirrhosis Snmlar findmgs have been recorded by Haban 
(105), Cameron and Kanmaratne (45), Bartels and Perkins (14) and more 
recently by Shaffer (241) 

It can be concluded that m hyperthyroidism there is frequent impairment 
of hver function and m fatal cases, a rather high mcidence of cirrhosis of the 
hver Speculation over the mechanism whereby hyperthyroidism leads to 
hver damage would be premature at this tune Cases of hyperthyroidism, 
however, can account for only a small percentage of cases of cirrhosis 

History of malaria 

A past history of malana was obtamed from 33 patients, or shghtly less than 
9 per cent of ths senes At first thought, this high mcidence was attributed 
to the large number of Itahans and Greeks with cirrhosis However, this 
explanation is not supported by a study of the racial distnbution of these 
cases (cf Table 9) 

The rather frequent background of malana m cirrhosis has been the subject 
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of much debate Chapman, Snell and Rowntree (54) found that 11 per cent 
of 112 patients with cirrhosis and ascites gave a past histor}’’ of malana The 
proportion is much higher m those countnes where malaria is common place, 
reachmg as high as 84 per cent m one large Indian senes (260) 

Osier (189) wrote, “The cirrhosis from malana upon which French ivnters 
lay so much stress (one descnbed 13 vaneties') is exceedingly rare In our 
large expenence with malana durmg the past 15 years, not a smgle case of 
advanced cirrhosis due to this cause has been seen m the wards or autopsv 
room at the Johns Hopkms Hospital ” Tirumurti and Rao (274) renewed the 
role of malana m cirrhosis, and made a study of the pathology of the hvers of 
patients with chrome malana They foimd that there was no loss of lobular 
pattern, and no mcrease m the fibrous tissue of the hver The Kupfer celh 
were loaded with malanal pigment, and there were sporadic degeneration and 


TABLE 9 

Historical incidence of malana in patients with Laennec's cirrhosis 


RACE 

MiniBES OF CASES 

U S 

7 

Insh 

6 

Italian 

6 

Greek 

5 

Jewish 

2 

ICegro 

2 

Armenian 

2 

Spamsh 

1 

Puerto Rican 

1 

Barbados White 

1 

Total 

33 


focal necroses of the hepatic cords mconstantly They concluded that t ere 
was no evidence from pathologic matenal that malana produced cirrhosis^ 
j\Ialana is thus a frequent factor m the background of patients with cirr osis 
of the hver, but there is no endence that it plays a direct role m its etio og3 


History of typhoid fever 

Fifteen patients m this senes gave a history of tjqihoid fever 
many of the patients hved durmg the tune when tjqihoid fever ® ’ 

it is probable that this number is no larger than n ould be expected 
similar age group In Chapman, Snell and Rowntree’s senes (54) o 
of “decompensated” cirrhosis, 18 patients gave a history of tjqihoid fe\ er 


History of tuberculosis 

Four patients m this senes gave a historj’' of tuberculosis, and 4 others h 
active tuberculosis durmg the course of then cnrhosis 

This low incidence of tuberculosis has been noted by recent Am 
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Evans and Gray (75) fonnd 6 cases of acnve tuberculosis among 217 patients 
found to have cirrhosis at post-mortem, and McCartney (165) reported 3 cases 
of active tuberculosis among 15S patients vntb portal cirrhosis at autopsy 
Earher, however when tuberculosis was more prevalent than it is today, it 
was frequently seen m association with cirrhosis Of Osier’s 71 c-ases of cirrho- 
sis (1S9), 7 had active tuberculous pentomtis or tuberculous pleurisy In 
England, the mcidence of tuberculosis among patients with cirrhosis is high 
EoUeston and Fenton (226) reported m 1S96, that among 114 patients who had 
cirrhosis at autopsy, 17 died of tuberculosis, and 17 others had tuberculosis 
which was not the cause of death Elsewhere, the mcidence is even higher 
Sison, Sison and DeLeon (243) found that 31 per cent of chmc-al cases of portal 
cirrhosis m the Phihppme Islands had pulmonary tuberculosis Koch and 
Wohlers (221) found m pathologic material that 35 per cent of 431 patients with 
cirrhosis m Geneva, between 1900 and 1930, had active tuberculosis Eabl 
(207) made an extensive review of the hterature concermng the comcidence of 
cirrhosis and tuberculosis He pomted out that although tuberculosis was 
frequent m European patients with cirrhosis, it was not more frequent than m 
numerous control senes 

In summary, tuberculosis seems to be less frequent in this senes than has been 
reported by most previous observers It is probable that the low mcidence of 
tuberculosis is due to the general dechne m the mcidence of tuberculosis, particu- 
larly abdominal tuberculosis, m the last generation 

Hjslory of chrome dysentery 

Only 6 of 3S6 patients with cirrhosis of the hver m this senes gave a history of 
chrome dysentery In senes of cases of cirrhosis reported from India (225, 
16S, 212), China (2S7), and the Phihppmes (243), the mcidence of dysentery 
ranges from 25 to 40 per cent compared with control senes with 7 to 17 per cent 
of dysentery Nevertheless, Tirumurti and Eao (275) could find no evidence at 
necropsy of active or old bacillary dysentery m the mtestmes of IS patients 
found to have portal cirrhosis at autoxisy m Southern India 

It was stated previously, on the basis of certam chmeal and experimental 
observations, that nutntional deficiency may be a deter minin g factor m the 
etiology of cirrhosis of the hver If this evidence proves correct, then it would 
serve to explam the common association of cirrhosis with entenc diseases and 
protracted fevers m the Onent These diseases undoubtedly impair the nuta- 
tion of the patients Such impairment would be particularly grave m patients 
who are lU-fed 

Other infectious agents 

A number of specific infectious agents have been claimed to be the cause of 
human cirrhosis Adami (3) m 1S9S beheved he had isolated a diplococcus or 
stumpy diplobacdlus from the hver of cattle dymg from Pictou disease, a form 
of cirrhosis identical with senecio poisonmg m man This organism was patho- 
gemc for rabbits, gumea-pip and mice but did not produce cirrhosis Adanu 
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found the orgamsm ■nuthm the hver m 20 cases of cirrhosis m man, and descnbed 
it as “resembling” the colon bacillus, uhich he found in normal livers Rctou 
disease has since been found probably to be due to the toxic action of retrorsine, 
an alkaloid found m the senecio weed upon which the cattle feed (65) Jloon 
(175) has also found cocci m the hver of human patients with cirrhosis 
Opie (186) observed that certam human eases with bacterial infections of tbe 
hver showed mid-zonal neciosis of the hver He could reproduce this picture in 
experimental animals by combining bacterial infection with chloroform or 
phosphorus poisomng, and he concluded that infection could “influence or even 


TABLE 10 

Diseases precedent to or concomitant with Laennet^s cirrhosis 


DISEASE 

VUilBEB OP CASES 

PE2 CI2JT DiODENCE 

Syphihs 

62 

16 1 

Malana 

33 

8 6 

History of pneumoma 

29 

75 

Hypertension and nephntis 

25 

6 5 

Ingmnal herma 

16* 

6 4* 

Diabetes meUitus 

21 

5 4 

Rheumatism 

16 

4 1 

Typhoid fever 

15 

4 0 

Peptic ulcer 

14 

3 6 

Cholecystitis 

12 

3 1 

Tuberculosis 

St 


Keoplasm, not pnmary in hver 

6 


Chrome dysentery 

6 




Also 5 each — pleurisy, allergies, 4 each — goitre, renal calculus, 2 each— pemicious 
anemia, hydrocele, diaphragmatic herma, erj'sipelas, psonasis, filanasis, 1 each— po y 
cythemia vera, sickle-cell anemia, sihcosis, osteogenesis imperfecta, osteoms ehtis, rage 
disease, mastoiditis, yeUow fever, typhus, memngococcus memngitis, lymphogranu ^ 
venereum, leprosy, dengue fever, Kaposi’s syndrome, epilepsy, thromboangiitis obli era 
cataract, schistosomiasis, infestation with “tape worm,” with dibothnocephalus a a., 
with tinea saginata 

* Calculated for 24S patients only 
1 4 active, 4 inactive — see Table 20 


detemune the development of cirrhosis of the hver” Hurst and Hurst ( 
were also able to produce cirrhosis experimentally m guinea-pigs by com 
the mjection of manganese and B coh 

Recentlj’- Andersen and Tulmius (6) studied the effects of chrome i ec 
with a virus which is thought to cause an epidemic hepatitis 
were kept on a “quantitatively poor but quahtatively good” diet for a ^ 
The 5 ’' were then given the duodenal jmee of human beings ill with epidemic 
titis, or the hver from pigs ill with acute jaundice The pigs were then 'ep 
9 to 10 months on an ordinary diet, after which penod tlie}’^ were s 
The hvers were found to have a finely granular surface with some P® 

On histologic exammation they showed thickenmg of the connecti% e 


VATT -RAT. HISTORY OF LAEN"Si;C S CIRRHOSIS 


231 


septa, irhicli Avere infiltrated intli mononuclear cells The penportal connective 
tisue vas mcreased m amount There were shght changes m the kver cells 
Andersen and Tulmius beheved that the animals had developed minim al cir- 
rhosis 

At the present tune it is impossible to determme whether bacterial or nrus 
infections play a causal role m Laennec s cirrhosis The relatively low mcidence 

(6 5 per cent) of acute hepatitis m the past history of the present senes of 3S6 
cases suggests that infection is of min or etiologic significance m this disease 
In Table 10 are listed the vanous diseases that either preceded or accompamed 
the onset of Laennec s cirrhosis in this senes of cases 

Latent cirrhoets 

The present senes of 3S6 cases represents patients who showed chmcal signs 
of hver failure In addition, there were 49 patients m whom Laennec’s cir- 
rhosis was an mcidental findin g either at operation or at autopsy These 
cases may be d^cnbed as instances of “latent cirrhosis” The above figures, 
however, do not mdicate accurately the relative mcidence of latent and active 
cirrhosis RoUeston and McNee (227) reported that of 167 cases of cirrhosis 
seen at post-mortem, S7, or 52 per cent had been latent dunng hfe McCartney 
(165) reported that among 245 autopsied cases of portal cirrhosis, 35 per cent 
had been latent Thus, about one-third to one-half of the cases of cirrhosis 
are asymptomatic or latent 

These authors reported that the average age at death was approximately the 
same for active and latent cases As pomted out by hlcCartney, there is no 
evidence that more advanced degrees of cirrhosis occurred m the older patients 
From this he inferred that the cirrhotic process can be arrested and that the 
disease is not necessarily committed to a progressive course This mcerpreta- 
tion is supported by experimental and chmcal studies In the dog, and m t i 
rat with carbontetrachlonde cirrhosis, considerable heahng and regenera* _,n 
of hver tissue take place Likewise, m certam patients with decompen. .ted 
Laennec’s cirrhosis functional improvement has been observed foUowmg treat- 
ment with a highly nutritious diet (191,192) 

SYMPTOMS OF T.AKW FO’s CIRRHOSIS 

The symptoms of Laennec’s cirrhosis in 3S6 patients are listed m Table 11 
m their order of frequency This table comprises symptoms that arose at any 
tune durmg the course of the disease These will be discussed m detail 

St/mptoms at onset 

The mibal sxmptoms and signs of Laennec’s cirrhosis m the above senes are 
presented m Table 12 The most common first symptom was the msidious 
onset of svrelltng of the abdomen, which occurred m more than one-fourth of the 
patients This is usually painless, but may be accompamed by either abdominal 
pam or distress Sudden hematcmcsis, with no premomtory signs other than 
perhaps vague gastro-mtestinal discomfort and nausea for a few hours precedmg 
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the episode, signalled the onset in about 10 per cent of the cases Abdominal 
pain, generalized or localized to the right upper quadrant or epigastrium, was the 
earhest manifestation of the disease m 12 per cent of this series In 9 per cent 
of the cases, the patient first noticed the presence of swelling of the lower ex- 

TABLE 11 


Symptoms of Laennec’s cirrhosis in 386 patients 


svirpTOii 

KTJMBEB 0? CASES 

PEE CENT or CASi:> 

Weight loss 

206 

S3 4 

Anorexia 

135 

35 0 

Nausea 

129 

33 4 

Pam 

121 

31 4 

Vomiting 

115 

29 8 

Hematemesis 

106 

27 4 

Noctuna 

103 

26 6 

Hemorrhagic phenomena 

99 

25 6 

Dyspnea 

82 

21 2 

Weakness 

82 

21 2 

Diarrhea 

78 

20 2 

Abdominal distress 

63 

16 3 

Cough 

35 

9 1 

Constipation 

33 

8 5 

Frequency 

27 

70 

Eructation 

25 

6 5 

Fatigue 

15 


Pruntus 

13 


Malaise 

12 


Helena without recorded hematemesis 

9 


Cramps in legs 

9 


Oliguna 

8 


Insomma 

8 


Palpitation 

7 


Amenorrhea 

6 


Joint pains and swelhngs 

6 


Backache 

6 


Abdonunal mass 

5 


Headache 

5 


Dizziness 

5 


Pol} d}’psia 

5 1 

- 


Also 4 each — substemal pain, 3 each — ^menorrhagia, metrorrhagia, precordia paw, 
djsphagia, 2 each — hiccough, irregular or scant}' menses, paresthesias, 1 each oss o 
hbido, miscarriage, blurred vision, numbness, polyuna 


tremities, though it is possible that m many of these cases ascites tvas ^ ^ 

present but unrecogmzed In 9 per cent of the patients in this series, jaun ice 
was the first sjrmptom noted Nausea and vomiting, weaLness, and ab omina 
distress were of common occurrence Among the rare symptoms, an ome 
marked bj' c hills and fet er m 3 patients is of note In 46 cases the onse was 
marked by several symptoms 
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^lurcluson (179) m 1877 characterized the early symptoms of cirrhosis as 
'alcohohc dysuepsia such as retchmg m the mormng and a feehng of s i nking 
mducms a cravmg for alcohol^ loss of appetite for sohd food, furred tongue 
bitter taste flatulence, and pam after food attacks of diarrhea, alternatmg 
urith constipation hemorrhoids, the urme dark and frequently turbid mth hth- 
at^ and sometimes containing bde-pigments and langour uith depression of 
spirits Osier (1S9) noted that the panent might come to the doctor because of 
dyspepsia, hematemesis, shght jaundice, or nervous s3Tnpionis !Meteonsm 
may appear early m the disease (118) 


TABLE 12 

Imiial S!/rrpfO”is end signs of Lesnnee s cirrrosis 




ris or CASTS 

• Swollen abdomen 

107 

27 7 

• Abdonunal Dam 

4S 

12 4 

Hematemesis 

39 

10 1 

• Edema of lower estremmes 

36 

9 6 

Jaundice 

34 I 

S S 

• 2sausea and vomitmg 

29 

7 5 

■•IVeakne^ 

22 i 

5 7 

Abdommal distress 

17 ' 


Bleedmg, epistaxis 

15 


•Iharrliea 

14 

! 

' Anorexia 

9 

j 

IVeigbt loss 

7 


Dyspnea flu absence of ascites) 

6 ! 


Abdommal mass (liver or snleen) 

1 5 1 

1 

Alelena (without hematemesis) 

i 

[ 

Cough 


1 


Also 3 each — chills and fever, pruritus, faague, constipatioa 2 each — hemormoids, 
amenorrhea, malaise, fever 1 each — ^umbihcal herma splenomegaly dark urme, purpura, 
noc*una, pallor, ]omt pains, polyuna, abdominal tenderness, metrorrhagia, back-pam, 
mguinal pam, ohguna, dysphagia, msomma 

Multiple svmptoms 46 

Hughson (121), studymg 26 patients tvith cirrhosis noted that the onset of 
the disease was marked by acute abdominal pam m 8 patients by stvelhng of 
the abdomen m 13 and by hemorrhage from the gastro-mtestinal tract m 3 

Gasfrotnfes'jnal sipnpfoms 

It IS evident that those symptoms referable to the gastromt^tmal tract 
were pronunent For the sake of clarity these are groui>ed m Table 13 An 
early and characteristic symptom of cirrhosis is anorexia Present m at least 
35 per cent of the patients m this senes, it is usually profound Anorexia 
in cirrhosis was asenbed to ‘ alcohohe ' gastnns by Saundby (231) This was 
corroborated by Askanazy (7) who found that 42 of 61 panents with “alcohohe 
cirrhosis had evidence of “alcohohe gastntis on examination at autoosy It 
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the episode, signalled the onset in about 10 per cent of the cases Abdominal 
pain, generalized or localized to the right upper quadrant or epigastrium, was the 
earliest manifestation of the disease in 12 per cent of this series In 9 per cent 
of the cases, the patient first noticed the presence of swelling of the lower ex- 

TABLE 11 


Symptoms of Laennec’s cirrhosis in S86 patients 


snipTOM 

VUMBEfi or CASES 

FEE CEKT or OSIa 

Weight loss 

206 

53 4 

Anore'tia 

135 

35 0 

Nausea 

129 

33 4 

Pain 

121 

31 4 

Vomiting 

115 

29 8 

Hematemesis 

106 

27 4 

Nocturia 

103 

26 6 

Hemorrhagic phenomena 

99 

25 6 

Dyspnea 

S2 

21 2 

Weakness 

82 

21 2 

Diarrhea 

78 

20 2 

Abdominal distress 

63 

16 3 

Cough 

35 

9 1 

Constipation 

33 

8 5 

Frequency 

27 

7 0 

Eructation 

25 

6 5 

Fatigue 

15 


Pruritus 

13 


Malaise 

12 


Melena without recorded hematemesis 

9 


Cramps in legs 

9 


Ohguna 

8 


Insomnia 

S 


Palpitation 

7 


Amenorrhea 

6 


Joint pains and swelhngs 

6 


Backache 

6 


Abdominal mass 

5 


Headache 

5 


Dizziness 

5 


Polj’dypsia | 

5 




Also 4 each — substernal pain, 3 each — menorrhagia, metrorrhagia, precorial pain, 
dysphagia, 2 each — hiccough, irregular or scanty menses, paresthesias, 1 each oss o 


hbido, miscarriage, blurred vision, numbness, polyuna 

tremities, though it is possible that m many of these cases ascites was ahead} 
present but unrecognized In 9 per cent of the patients in this senes, jaitn ice 
was the first s 5 Tnptom noted Nausea and vomiting, weakness, and a omina 
distress tiere of common occurrence Among the rare symptoi^, an onse 
marked by chills and fever m 3 patients is of note In 46 cases t e onse was 
marked by several symptoms 





■s-irr T?AT, EKTOHT OF XAEXXECS CISEHOSIS 


233 


^vlurchison (179) in 1S77, diaracTerized the enrly symptoms of cirrhosis as 
'alcohohc dvsyepsia such as retching in the morning, and a feehng of smkmg 
mducmE a cravmg tor alcohol loss oi appetite tor sohd lood furred tongue 
bitter taste fiatnience and pam after food attacks of diarrhea altematmg 
TTith constipation hemorrhoids the urme dark and frecuentlr turbid uith hth- 
ate and sometimes containing bile-pigments and langour ttith depression oi 
snirits Osier (1S9) noted that the patient might come to the doctor because of 
dvsTKDSia hematemKis shght jaimdice. or nervous symptoms ^leteonsm 
may appear early m the disease (US) 


TABLE 12 

/ni'icl s-ic-s of Lcrmfc s cjrrros’s 


ST5£3TCir i 

j 

vct:iir3i cr olszs 

j rrx ersr cr ci£=s 

• StvoUen abdomen i 

, 107 


• Abdominal pain | 


‘ 12 4 

Hematemesis ' 

1 S9 

, 10 1 

Edema o: lover extremities 

OO 

; 9 6 

Jaundice 

I 

1 S S 

• Nausea and vomiting 

‘ 29 

1 

\ 7 5 

■.Weakness 

1 22 

i 5 7 

Abdominal distress 

; 11 

{ 

} 

• Bleeding, epistaxis 

15 

1 

.Diarrnea 

14 


•Anorexia 

' 9 


Weight loss 

< 

1 

Dpspnea (in absence of ascites) 

6 

1 

\ 

Abuominal mass Giver or spleen) 

5 

\ 

Melena (vithout bematemesis) 



COUEH 

4 



Also 3 eacrt — emits and fever, pnmtus, isugee coasupauDn 2 each — aemorrao.ds, 
amenoTCea, malaise, fever 1 each — umbilical hernia spleaomegalr dark unne purpura, 
nocmria pallor, joint pains, iiolyuna abdominal tenderness metrorrhagia, back-pain, 
inguinal pain, ohgnria, dvapbagia, insomnia 

Multiple svmptoms 45 

Hughsou (121) studymg 26 patients tvith cirrhosis noted that the onset of 
the disease tvas marked by acme abdominal pam in S patients by stvelhng of 
the abdomen m 13 and by hemorrhage from the gastro-mTestmal tract m 3 

Gcs'ro r/rs^xTicl ?^.p‘oms 

It 15 evident that those symptoms referable to the gastromtestinal tract 
tvere promment For the sake of clarity these are grouped m Table 13 An 
early and characteristic symptom of cirrhosis is anorez'a. Present m at least 
35 per cent of the patients m this senes it is usually profound. Anorexia 
m cirrhosis tvas asenbed to “alcohohc gastritis by Saundby (231) This tvas 
corroborated by Askanaay (7) tvho found that 42 of 61 patients tvith “alcohohc 
cirrhosis had evidence of “alcohohc gasmtis on examination at autopsy It 
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IS likely, however, that the presence of a distended abdomen resulting from 
flatulence or the accumulation of ascitic fluid is a large factor in the production 
of anorexia 

Characteristically, there is a rapid loss of weight and flesh which may be masked 
by the presence of ascites and edema Of 206 patients who had loss of weight in 
this series, 158 show ed this m spite of the presence of ascites Eppinger (74) 
described “loss of flesh” in 42 per cent of 372 patients wuth cirrhosis, and 44 of 
Rao's 64 patients (212) who had cirrhosis with ascites were emaciated 

Nausea and vomiting are promment early symptoms, present m approxunatelj 
30 per cent of the patients m this senes Excessive eructation occurs frequently 
“Dyspepsia,” RoUeston and McNee (227) wrote, is an almost constant findmg 
m cirrhosis Nausea and vomitmg were frequent m their experience Eppmger 
(74) emphasized that these symptoms are particularly promment when the 
patient awakes, early morning nausea and vomiting being present in 37 per cent 
of his 372 cases 


TABLE 13 

Gastro-intestinal symptoms in Laenneds cirrhosis 


SYMPTOM. 

KTJMBEi or CASES 

Weight loss* 

206 

Anorexia 

135 

Nausea 

129 

Vomiting 

115 

Diarrhea 

78 

Abdominal distress 

63 

Constipation 

33 

Excessive eructation 

25 

* Refers to over-all weight, including ascites in 158 cases 


A change m bow el habit took place m about one-fourth of the patiente w 
this survey Diarrhea, which lasted for varymg periods of tune, occurre i 
78 of the patients, and constipation m 33 Diarrhea was present o 
patients who had cirrhosis with ascites studied at the Mayo Chnic (54) or J 
one of the patients had constipation RoUeston and McNee (227) pointe ou^ 
that patients wuth cirrhosis may have alternate bouts of diarrhea and coffi >P3 
tion Flatulence was described by Chapman, SneU and Rowntree (54, 5 ) 
of 58 patients who had cirrhosis wuthout ascites, and m 60 of 112 patien 
ascites An eaily symptom of cirrhosis, it contributes to the swelhng o 
abdomen so frequentty present 

Abdominal pain 

Abdominal pain was present at some tune dmmg the course of 121 J 

or 31 per cent of this senes The pam w as generalized in 32 gj 

to the right upper quadiant 37 tunes, and locahzed to the epigastrmm 
The pam was described as sharp, or less frequently as cramp-like 
casionaUy w as tenderness associated with abdonunal pain 
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^.ls£en (1S3), reviewing tiie history of 77 patients who were observed to have 
‘ alcohohc cirrhosis at autopsy, noted that pain was descnbed during the course 
of the disease m 30 instances The pain was either constant or remittent and 
lasted from a few days to S years In 13 patients the pam was localized to the 
Tight hypochondnum, m S to the epigastrium and m 6 there was generalized 
abdommal pam In S of the patients who had right hypochondriac pam, this 
symptom preceded the appearance of either jaundice or ascites 

Hennhson (115), who found that S2 of 162 patieuts with cirrhosis complamed 
of abdominal pam or distress attributed the pain to three possible causes, oc- 
clusion of the mesentenc vessels, mtermittent vascular spasm and pensplemtis 
There has been no evidence to support or refute any of these possibihties How- 
ever, a /net on nrb, audible and palpable over the hver itself m patients who have 
cirrhosis with ascites was descnbed by Jackson (123), this may account for 
some instances of abdominal pam 

Hemafemests 

Hematemesis occurred m 106 patients, or 27 per cent of the senes Fifty- 
five of these patients died followmg the episode Of these 55 22 had survived 
a prenous hematemesis while 33 succumbed to the imtial attack. There were 
therefore 73 patients who survived an episode of hematemesis 
TThe occurrence of hematemesis m 27 per cent of the present senes and m 24 
per cent of a small group (192) agrees roughly with the mcidence m other senes 
In Hennksons (115) senes of 162 cases, 39 (24 p>er cent) had hematemesis 
However in Wang's (2S7) senes of 54 cases, only 5 (9 per cent) had hematemesis 
Eppmger (74) reported that S per cent of patients with cirrhosis m his senes 
had hematemeses He states (73) that approvimately 10 per cent of deaths 
from cirrhosis are due to ruptured vanx, which is considerably lower than our 
figure of 26 per cent 

In 15 patients m whom studio were made, there was a rise to abnormal 
levels of the plasma urea-mtrogen or non-protem mtrogen Twelve patients 
were noted to have a temperature of more than 100 4° F The cause of azotemia 
followmg gastromiestmal hemorrhage has been the subject of mvestigation m 
recent years (233 130) It is generally accepted that the nse m blood urea is 
due m part to the absorption of mtrogenous products from the blood, and pos- 
sibly also to impairment of renal function. 

Occasionally ascites appears after an episode of hematemesis, only to recede 
as the patient recovers from the blood loss In three pabents personally ab- 
served (but not mcluded m this senes) the appearance of ascites directly after 
hematemesis was associated with a fall m the serum albumm to less than 3 grams 
j>er 100 cc Remission of ascites occurred as the serum albumm rose above this 
value In each panent these phenomena recurred several tunes with repeated 
hemorrhages 

-41 though mcicna regularly fcUo-srs hematemesis there were 9 patients in 
whom melena ■c-as descnbed m its absence This melena may have been due to 
slow leakage from an esophageal vanx, bleedmg hemorrhoids or a generalized 
hemorrhagic tendency It may be emphasized that much bleedmg may take 



236 


OSCAR D SATNOFF AMJ AFTBXTR J PATEK, JB 


place m the upper gastrointestinal tract, and indeed from esophageal vam, 
without hematemesis 

hlost obseiwers agree that hematemesis m patients with cirrhosis usually 
IS the result of ruptured esophageal varix Others have questioned this assump- 
tion because of the frequent inabihty to locate a bleeding pomt at autopsy 
Preble (206) m 1900 reviewed 60 cases of fatal hematemesis in cirrhosis which 
had been recorded up to that time Esophageal varices were noted m 35 of 42 
cases m which the esophagus was examined Preble believed that fatal bemate- 
mesis might occur in the absence of esophageal varices as the result of the 
“simultaneous rupture of many gastro-mtestmal capdlanes ” According to 
Rolleston and hlcNee (227) hematemesis may rarely be the result of rupture of 
a gastric vanx 

In the authors’ oprmon, the failure to establish the locus of hemorrhage is not 
surpnsmg when the vast size of esophageal vances seen by X-ray is compared 
with their collapsed state post-mortem The sudden, large amounts of blood 
lost by hematemesis seem best explained by the rupture of a large i ^sel Oc- 
casionally, such hemorrhage has proved to be the result of co-e\istuig peptic 
ulcer m patients with cirrhosis 

As we have noted, hematemesis is often the earhest symptom of Laennecs 
cirrhosis Preble (206) obsen^ed that in 10 of 60 cases of fatal hematemesis 
in cirrhosis, hemoiThage was the first and only symptom, 5 of these patients 
dymg of the imtial attack 

Hematemesis is thus a frequent symptom of cirrhosis The imtial episode 
IS fatal m as many as one-third of the cases Hematemesis is usually the result 
of the rupture of esophageal varices, although these cannot always be demon- 
strated Following an hematemesis, there may be a rise m the blood non- 
protem mtrogen, and an elevation of body temperature 

Hemorrhagic phenomena 

Hemorrhagic phenomena were present m 99 of the 386 patients m this senes 
Seventy patients had epistaxes, and 33 purpura, of these, 12 patients had hot 
symptoms One chuld bad a nose-bleed so severe that be died of eysanguination 
In the great majority of cases the bleedmg and clottmg time vere 
Except m rare cases there was no decrease noted m the number of blood plate e = 
The frequency’’ of the various bleedmg phenomena m Laennec’s cirrhosis is ci e 

in Table 14 ^ 

Epistaxis, a common symptom m cirrhosis, is mentioned m early d^crip lo 
of the disease (195) Nissen (183) noted a history of epistaxis in 4 of 77 patien s 
obseived to have “alcohohc” cirrhosis at autopsy Probably these guru- 
understate the facts In a recent report (192) on 54 patients with cur osis o 
the hver, recurrent nose bleeds were experienced by 25 patients (46 per ce 

Hemorrhagic phenomena m cirrhosis have not been extensively s ^ i 
Koch and Wohlere (221) renewed 431 cases of cnrhosis obsened at autopsy, 
and noted that 4 3 per cent of these had purpura, gmgi^l 
prolonged coagulation tune In a study of portal cirrhosis, Eing (l-lo; P 
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that the bleeding tune tvas abnonnallr prolonged in 2 of 13 patients, and the 
clotting time in 11 of 36 patients There vras no significant correlation vnth the 
presence of jaundice 

The number of blood platelets m pabents with cirrhosis is usually within 
normal limi ts Two iier cent of Eppmgers (74) patients with cirrhosis had 
thrombopenia Felhnger and ITIima (7S) observed that one of /O patients with 
cirrhosis had only 20,000 platelets per cubic millimeter of blood 

Interest m this subject has been revived with the investigations of pro- 
thrombm and its precursor Yitamm K (245, 30) It has been shown that the 
prothromhm concentration m the blood depends upon the mtegnty of the hver 
and that hver damage is followed by correspondmg impairment of prothrombm 
production (245) Therefore, m the presence of cirrhosis, the administration 
of "ifitamm K brmgs about shght, if any, mcrease m the concentration of pro- 
thrombm (305, 19S) It IS also hkely that vascular spiders (193), especially 
when they are present m mucous membranes, provide a bleedmg site m certain 
cases The plasma fibrmogen concentration is seldom reduced except m cases 

TABLE 14 


phenomena in SS$ paiienfs mih Lacnnec^s cirrhosis 


orscaisnoN 

NTisra or cjsts 

Epistasis 

70 

Purpura 

S3 

Bleeding gums 

17 

Menorrhagia 

3 

Metrorrhagia ! 

3 

Petechiae I 

1 

2 

Total (excluding multiple symptoms) 

99 (25 6 per cent) 


of acute yellow atrophy (296, 299) It is possible that associated scurvy could 
account for instances of bleedmg gums or purpura Adequate study of this 
possibihty has not been made 

In summary, bleedmg phenomena occur m a significant number of patients 
with cirrhosis of the hver The hemorrhagic diathesis may be evplamed m part 
by the low concentration of prothrombm, by the presence of abnormal blood 
vessels (spiders) m the mucous membranes, or possibly by a tendency towards 
thrombopema 

Cardio-respiraiory symptoms 

After evcludmg those m whom an anatomic lesion unrelated to Laennec s 
cirrhosis was present, there remam a large group of patients who had cardio- 
respiratory symptoms Eighty-two of the 3S6 patients complamed of dyspnea 
In 53 instances this symptom was noted foUowmg the appearance of ascites 
Dj-spnea was descnbed by Rao (212) m 5S of 64 patients who had cirrhosis with 
ascites, and Hennkson (115) noted dyspnea m 14 per cent of 162 patients with 
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COThosis Theirfelder (270) m 1878 attributed tbe dyspnea to distention of 
e a omen, tbe peritoneal transudation and the inflated intestine tending to 
orce poirerfuUy upward the diaphragm, and mterfere with its contractiLty 
i\ow and then, also, hydrothorax contnbuted to the dyspnea ” 

Persistent cough was noted by 35 patients It is the impression of the authois 
t at patients with cirrhosis are susceptible to respiratoiy infections, due possibly 
to their general weakness and to the relative inunobdity of the diaphragm m 
the presence of ascites 


Urinary symptoms 

Increased frequency of urmation or nocturia were present m 130, or 34 per cent 
of the 386 patients m this senes Twenty-three of these patients were said not 
to have ascites at the time these symptoms were noted Data on other unnaiy 
symptoms m this senes are madequate Parallel studies at the Research Sernce 
of the First Dinsion of the Welfare Hospital mdicate that oliguna, as Austin 
Fhnt (83) pomted out, is frequent m patients with cirrhosis, particularly during 
the accumulation of ascitic and edema flmd 

Noctuna was noted m 48 of 162 patients with cirrhosis studied by Hennkson 
(115) Jervell (128) descnbed the occurrence of noetiina m 26 patients with 
hver disease, includmg hepatitis, cirrhosis of the hver, and primary carcinoma 
of the hver He attnbuted the noctuna to a disturbance of the “rhythmic 
function” of the hver in its capacity to regulate the water balance Gilbert 
and LerebouUet (94) observed that m patients with cirrhosis there is a delay, 
compared with normal subjects, m the excretion of mgested water This 
“opsmna” they explamed on the basis of retarded absorption of water from the 
gastromtestmal tract This m turn was considered to be due to the hypertension 
m the portal system The relation of the hver to water balance will be dis- 
cussed m the chapter on edema 


Sexual disturbances 

Disturbances of the menstrual cycle m women who have not yet reached the 
menopause are common Amenorrhea or oligomenorrhea, descnbed m only a few 
patients m this senes, have been observed commonly m women of pre-meno- 
pausal age m a parallel senes at the Research Service of the First Division of the 
Welfare Hospital 

Studies on the relationship between cirrhosis of the hver and the sexual func- 
tions are few and not defimtive Oligomenorrhea or irregular menses were 
descnbed by Eppmger (74) as early symptoms of cirrhosis m one-fourth of his 
cases RoUeston and AIcNee (227) beheved that metrorrhagia is frequ^ 
early m the disease, followed later by amenorrhea Austm Fhnt (84) descnbed 
a girl, 20 years of age, who was observ-ed to have cirrhosis at autopsy She ha 
“an undeveloped sexual system includmg mammae” and never menstruate 
The ovanes showed no coipora lutea, and the uterus was extremely 
A very similar case was reported by Barker (11) Hartwell and Johnson (H ) 
descnbed a young girl found to have cirrhosis at operation, m whom renmsion 
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of ascites occurred coincident mtli the onset of menses m her 21st year Cir- 
rhosis of the hver is not mcompatible mth successful pregnancy Tennej' and 
TCing (267) reported the case of a woman known to have cirrhosis who was 
dehvered of a child bj' Caesarian section under spmal anesthesia They dis- 
covered two cases m the hterature in which cirrhosis was first noted during the 
course of pregnancy 

In males, vnpotencc is frequent (74) At autopsy, fibrosis or atrophy of the 
testes IS common, Henschen and Bruce (116) observed testicular fibrosis m 
16 of 81 cases of Laennec's cirrhosis, and testicular atrophy in S instances The 
voluminous foreign hterature concerning the incidence of gynecomastia in cirrho- 
sis was reviewed m 1934 by Bergonzi (22) He collected 101 cases m Itahan 
hterature smee 1864 Eighteen of these patients had associated h 3 *potrophic 
or atrophic gemtaha There are no instances of gynecomastia m the present 
series The onli* reports in the American hterature of the comcidence of 
gynecomastia and cirrhosis are those of Edmondson, Glass and SoU (71, 95) 
They obsen-ed that testicular atrophj" was present in each of 14 patients with 
hver disease, and gynecomastia m 8 instances Endoenne assay showed that 
the urme androgen was below normal Estrogen, normally excreted in com- 
bined form, was excreted m the free state m patients with cirrhosis This thej- 
attributed to the failure of the hver to mactivate the estrogen 
One patient m the present senes claimed to have lost body hau during the 
course of his disease This was desenbed in 4 of 7 women who had cirrhosis 
by Laignel-Lavastme, Troisier and Boqmen (143), who beheved that this was a 
manifestation of ovarian insufficiency Loss of anilary hair dunng the course 
of cirrhosis was also observed by Jacob (125) 

Sexual disturbances are therefore relatively common m Laennec’s cirrhosis 
However, the pathogenesis of these disturbances has not been clarified 

PHYSICAL SIGXS OF LAEXXEC S CIKRHOSIS" 

The chief signs of Laennec’s curhosis among 3S6 patients are listed in Table 15 

Ascites 

Ascites, the most frequent and most characteristic sign of curhosis of the hver, 
w as present m 301 of 386 patients, or 78 per cent of this series In 220 instances, 
the ascites was associated with edema of the lower extremities, usually pre- 
ceding the latter m time of appearance Sixty-four patients, or one-sixth of 
the 386 had both ascites and hematemesis during the course of the lUness 
Studies of Loeb, Atchley and Palmer (154) have demonstrated conclusively 
that ascitic fluid in curhosis of the h\er bears the characteristics of a transudate 
Rarely as m one proied case m this senes, the ascitic flmd mav be chxdous 
alhs and Scholberg (286) collected 28 cases of cirrhosis m the hterature m which 
chj lous ascitic flmd w as present In 13 instances free fat was demonstrated m 

= Onlx casual reference will be made in this paper to laboratorv data and to function 
tests of the Ui er This subject has been reviewed lulh by other authors 
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the ascitic fluid In those cases m which examination was made, the thoracic 
duct was usually not obstructed 

RoIIeston and jMcXee (227) and Eppmger (73) both mention hemorrhagic 
ascitic flmd as a rare comphcation of Laennec’s cirrhosis 

TABLE 15 

Phi/sical signs of LaennePs cirrhosis in S86 •patients 


PHTSICAl SIGN 

KTJilBrs OP CASES 

IBB 

Ascites 

301 

78 0 

Palpable hver 

291 

75 4 

Jaundice 

252 

65 3 

Edema 

236 

61 1 

Palpable spleen 

170 

44 0 

Hemorrhoids 

105 

27 2 

Fever without apparent cause 

93 

24 5 

Dilated veins 

91 

23 6 

Telangiectasia 

67 

17 4 

Spider angiomata 

5S 

15 0 

Peripheral neuritis 

40 

10 4 

Vancose veins 

37 

9 6 

Hyporeflewa 

32 

8 3 

Absent deep reflexes 

29 

7 5 

Hydrothorax 

25 

6 3 

Scanty body hair 

25 

6 5 

Pigmentation over shins 

22 

5 7 

Clubbed fingers or curved finger-nails 

21 

5 4 

Cyanosis 

19 


TJmbihcal herma 

17 


“Liver palms” 

16 


Inguinal hernia 

14 


Hyperactive deep reflexes 

14 


Generahzed pigmentation 

10 


Clay-colored stools 

7 


Toxic dehnum 

7 


Tremor 

6 


Hypesthesia 

5 


Caput medusa 

4 

^ 


Also 3 each — mama, dehnum tremens, droirsiness, incarcerated umbi ca 
2 each — pigmentation of hands, scaly shins, irrationahtj', absent Tibratorj 
ness (without pathology), bleeding spider angiomata, 1 each— pi^entation o 
kow’s syndrome, hallucinations, delusions, euphona, stupor, "psychosis, c 
“hysterical psychosis,” carpo-pedal spasm, optic neuritis, loss of sphincter con ro 

The many reports m the hterature citmg the mcidence of ascite 
are m agreement with the present surrey RoUeston and IMc- ee ( 
ported that of 80 patients exammed post-mortem, whose death 
rhosis, 85 per cent had ascites In Klopstock’s (141) senes o 'i , 

cnrhosis studied at autopsy, 69 per cent were found to have ascite ^ ^ 

de Jong (69) noted ascites m 57 per cent of 200 cases of cur osu e 

autopsy 
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The association of ascites Tnth disease of the hver was first recognized by 
Erasistratns (c 310-250 B C ) (50) :Morgagni (177) beheved that the ascites 
was due m part to obstruction of the portal vein Describing a patient with 
cirrhosis he wrote ‘Tt is unquestionable that as the enlargement and disorgani- 
zation of the hver advanced, the quantity of flmd effused mto the abdo m inal 
cavitv became more redundant The circulation of blood through the vena 
portae and the inferior vena cava must have been empeded An excess of 
fimd would be deposited in the abdommal cavity from mere congestion of 
blood The scurhous state of the hver also contributed to this effect 
Xeither healthy chyle nor healthy blood could be prepared under these cir- 
cumstances ’ 

Hypertension m the prartal system m patients with Laennec s cirrhosis with 
splenomegaly was demonstrated by direct readmgs of splemc vem pressure by 
Thomf)son, Caughey TVhipple and Rousselot (271, 272) In 7 cases the splemc 
vem pressure ranged from 225 to 470 mm of sahne m 5 instances the pressure 
was 325 mm or higher In 19 of 20 control patients the splemc vem pressure 
was less than 300 mm. of saline Smce the pressure withm the splemc vem 
and portal vem is approximately equal, this is direct evidence that m Laennec s 
cirrhosis there is elevation of the portal vem pressure The presence of a col- 
lateral circulation between the portal and systemic circulations has long been 
recognized as mdirect evidence of the presence of portal hypertension. Mclndoe 
(167) demonstrated that it required much more pressure to mject the portal 
vem of a hver showmg cirrhosis post-mortem than a normal hver 

As ^lorgagm predicted (177) however, purely mechanical factors c ann ot 
account for the production of ascites Fiessmger (81) pomted out that ascites 
appeared m acute hver disease apparently before sufficient pathologic changes 
had occurred to produce portal hypertension In addition to the mcrease m 
portal vem pressure, there is a reduction m the colloid osmotic pressure of the 
blood serum In 1928, Starhnger and Wmands (255) showed that with the 
development of ascites m a patient with cirrhosis of the hver, the serum albumm 
fell from 4 1 grams to 2 2 grams p)er 100 cc flyers and Keefer (ISO) foimd 
that m every one of 16 patients with cirrhosis of the hver (mcludmg 15 with 
ascites) the serum albumm was 2 63 grams per 100 cc or less In addinon to 
the declme of the serum albumm m cirrhosis, there is usually an elevation 
of the serum globuhn This was first obsen ed m 2 patients with hypertrophic 
cirrhosis by Fihnski (S2) Abrami and IValhch (2) noted that m 13 of 15 
patients with cirrhosis the serum globuhn was elevated abot e 3 2 grams p>er 
100 cc and Walhch (285) reported that m 22 of 32 cases of cirrhosis the serum 
globuhn was elevated to 4.0 grams per 100 cc or higher Smce there is a fall 
m the level of serum albumm and a rise m the serum globuhn the total serum 
protem level is only moderately affected (184) Because of the smaller size 
of the albumm molecule, it exerts a proportionately greater effect on the coUoid 
osmotic pressure than the globuhn molecule As a consequence, the reduction 
m the level of serum albumm m cirrhosis results m a decrease m the colloid 
osmotic pressure of the serum 
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Recent studies by Post and Patek (202) have further demonstrated a correla- 
tion betn een the level of the serum albumin and the presence or absence of 
ascites They shou ed that there is a critical level (3 1 ±0 2 grams per 100 cc ) 
of serum albumin at which diuresis and the loss of ascites take place 

It IS not imphed that a reduction of sei um albumin is the only cause of ascites 
formation It is likely, mdeed, that portal vein hypertension pla3'3 a contrib- 
utor j* part However, the degree of fibiosis in the liver (and presumably the 
portal piessure) must vary' considerably' in different cases If portal hyperten- 
sion vere the sole cause, there should be no correlation betneen the presence of 
ascites and the level of the serum albumm, such as was obsen ed There are 
many' cases with endence of portal hypertension, yet free of ascites hloremer, 
it seems unhkely' that anatomical changes in the liver could take place rapidly 
enough to promote diuresis in a fen weeks For these reasons the lei el of the 
serum albumm appears to be the critical factor in the formation of ascitcj, 
whereas portal hypertension appears to determme the site at which the transfer 
of fluid takes place 

Fiessmger (SI) has emphasized that m addition to the increase in the porta! 
blood pressure and the decrease m colloid osmotic pressure of the serum, a 
possible increase m the permeabihty of the mesentenc capillaries may play a 
role m the pathogenesis of ascites m cirrhosis As far as could be ascertained, 
there are no definitive studies relative to this subject 

Edema 

Admost as frequent in appearance as ascites, edema, usually of the lower 
extremities, was present in 61 per cent of the 386 patients m this study A 
was noted before the appearance of ascites in 32 instances Edema was ob- 
served m 16 patients in w horn ascites w as not described 

The frequent occuirence of edema m cirrhosis is generally recogmzed 
man, Snell and Rowntree (54, 55) found that edema w as present m 20 of 5 
patients who had curhosis without ascites, and in 83 of 112 patients with cir 
rhosis and ascites In Henrikson’s (115) senes, 44 per cent of 162 patien- 
with curhosis had edema 

The edema is usually of the lower extiemities, but may occur elsew lere 
Rao (212) noted that among 64 patients with portal curhosis who had es, 
56 had edema of the feet, 5 had edema of the abdominal wall, and 4 ha ana^ 
sarca Edema of the face m Laennec’s curhosis is rare, although it has een 
described m a number of cases (35, 205, 88) m which renal disease w as no 

coi eied i pd by 

The appeal ance of edema before the recogmtion of ascites was descri 

Austin Fhnt (83) m 11 of 21 cases Bartholow (16) observed, 

“The ankles have m rather lare cases appeared swollen before the a 
but the detection of fluid m the peritoneal ca^’lty when in small quantities is 

alway's easy ” „ fjjp 

The le-yel of the serum albumin appears to be of primary' importou 
foi matron of edema m curhosis In a parallel study of 54 cases ( b 
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occurred m S5 p)er cent of patients and m all instances it was asociated with low 
serum albunun Edema was not present m patients with normal serum al- 
bumm IVith the accumulation of ascites, edema became mcreased m the legs, 
presumably because of pressure from ascites transmitted to the inferior vena 
cai a and lymphatic trunks The venous pressure m the femoral vems may be 
much mcreased when there is ascit^ Conversely, peripheral edema generally 
diminishes after abdommal paracentesis Myers and Keefer (ISO) and others 
have shown that the formation of edema and ascites may also be associated with 
low serum alb umin m cases of acute hepatitis 

Xumerous studies have been made on the urme output durmg 24 hour periods 
A rhy thmi c, function has been descnbed (S6) characterized by a "secretory 
phase by day and an “assimilatmg phase by mght It has been assumed by a 
number of workers that the hver regulates this rhythimc function, and that the 
abnormal retention of flmd m the presence of hver disease may be due m part to 
a disturbance of regulatory function. -4s yet this mechanism remains a mys- 
tery Literature on this subject is cited by Jeivell (12S) and by Jones and Eaton 
(134) These authors hkewise present evidence of abnormal water retention 
m cases of acute hepatitis and cirrhosis of the hver Data on the serum protems 
are not mcluded m then- reports The lowermg of serum albumm and thereby 
of osmotic pressure is ample explanation for water retention m most cuses of 
cirrhosis of the hver In certam instances, however, there are exceptions which 
suggest that other factors may be mvolved Adequate studies on electrohte 
pattern hormonal activity and v^el permeabihty have not been made m this 
regard Smce many factors are mvolved m the exchanges of body fluids (197), 
It would be premature to ascnbed a “regulatory” function to the hver imtil 
more substantial evidence is at hand 

Jaundice 

Jaundice was descnbed m 252, or 65 per cent of the patients m this senes at 
one time or another durmg the course of the disease Ordinarily rmld m degree, 
it was occasionally severe Thus 67 per cent of 143 determinations of the serum 
bilirubm were 1 0 mgm per 100 cc or higher 40 pier cent were 3 0 mgm p>er 
100 cc or higher and 20 per cent 4.0 mgm. pier 100 cc or higher Of 199 de- 
termmations of the iclcnc index, SO pier cent were 10 umts or higher, and 20 p>er 
cent were 50 umts or higher, most values faUmg between 10 and 25 umts Jaun- 
dice was present for longer than three months m 112 patients, or 29 pier cent of 
this senes In 102 patients, or 40 pier cent of the 245 fatal cases, it did not appiear 
until the last three months of hie The seventy of the jaundice vaned from 
time to time .4t least 41 patients or 16 pier cent of those who were jaundiced, 
hau definite complete remission although m many of these the icterus re- 
curred 

Two hundred fite patients had both jaundice and ascites Twentj*-one 
pK?r cent of these patients were said to have had jaundice before the appearance 
of ascites In 47 jaundiced panents ascites was not descnbed at any time 

Icterus was present m hah of 3<2 patients wnth cirrhosis repiorted bv Epi- 
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pmger (73) RoUeston and I\Ic]'7ee (227) collected 293 cases of cirrhosis from 
the British literature, in 36 5 per cent of which the patients were jaundiced 
Icterus was present in 40 pei cent of 431 patients studied at autops}’’ by Roch 
and Wohlers (221) Similar findings have been reported by others (101, 124) 
The association of jaundice and ascites m cirrhosis was renewed by hissen 
(183) Among 77 patients m whom “alcohohc” cirrhosis was present at autopsy, 
there vere 16 who had jaundice without ascites, 44 with both jaundice and as- 
cites, and 17 who had ascites without jaundice 
The chnical sigmficance of jaundice m patients with cirrhosis of the hver has 
not been popularly appreciated The seriousness of tins sign is indicated by 
an analysis of the duration of hfe after the onset of jaimdice m 168 fatal cases 
(Figure 3) In brief, half of these patients died m less than 2 months and 85 
per cent died withm one year of the onset of jaundice It is inferred that the 
presence of jaundice m patients wuth cirrhosis of the hver mdicates activity of 
the disease process 

' The pathogenesis of jaundice m cirrhosis is not clearly understood The 
fragdity of the red blood corpuscles to hypotomc sahne is normal (140, 188, 78) 
Von Jaksch (283) and others (250, 47) noted that urohilinuna is frequentlj 
present m patients with Laennec’s cirrhosis However, it seems unlikely that 
the jaundice is of hemolytic ongm 

In an attempt to correlate the presence of jaundice with the presence of 
neciosis of the parenchymal cells of the hver, the autopsy protocols of 77 patients 
with curhosis were analyzed Table 16 lists the data m this study It can 
be seen that m this group, only half of those patients with jaundice had necrosb 
of hv’ei cells on histologic evarmnation In a group of 54 patients prenouslv 
refered to (192), jaundice was present m 63 per cent Autopsy study m 21 
patients also showed no correlation between the presence of jaundice and necro- 
sis of hver cells The absence of necrosis, to be sure, does not exclude function 
derangement 

Clay-colored stools were observed m 13 of the 386 patients m the present senes, 
although there was no evidence of obstruction to the evtra-hepatic biha^ 
passages This symptom was described m 8 of 162 patients with cirrhosis y 
Henrikson (115) 

Jaundice is thus a common sign of curhosis of the hver, particularly unn^ 
the termmal stages of the disease The presence of jaundice, as shojui } 
surmvorship curves, carries an ommous prognostic significance, and it in ca 
activity of the disease process It is stated by certam observers t a 
periodic appearance of jaundice m the course of curhosis imphes superunpo- ^ 
acute degeneration (hepatitis) There is httle or no endence m the pre-.en 
study to support this pomt of new 

Liver and spleen 

Two hundred nmety-one, or 75 per cent of the patients m this senes, 
said to have palpable livers An attempt was made to correlate the 
the hver as found at autopsy, with its palpability The average weig 
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palpable bvers -n-hicli showed cirrhosis was 1820 grams, the weights ranging from 
695 to 5100 grams On the other hand, 30 non-palpable brers with curhosis 
weighed an average of 1370 grains, rangmg from 570 to 2920 grams Table 17 
lists the weights of these lOS hvers It demonstrates that there is only a rough 
correspondence between hver size and palpabdity. The average weight of the 
hver m these lOS patients with cirrhosis was 1690 grains 

There are many studies concerning the size of the hver m patients with 
cirrhosis Eppmger (74) reported that m SO per cent of patients the hver was 
enlarged t-o palpation, although on pathologic examination it was enlarged in 
only 50 per cent of cases FoxweU (89) in 1896 pomted out that the hver might 
be palpable without bemg above average weight RoUeston and Fenton (226) 

TABLE 16 


Jaundice and necrosis of •parenchymal cells of the lirer tn 77 cases of Laennec’s cirrhosis 



XECStOSlS j 

NO NECSOslS 

Xo jaundice 

4 cases 

16 cases 

Jaundice for longer than 3 months 

s 

7 

Jaundice for less than 3 months before death | 

22 

20 


TABLE 17 


Weight of the liter in lOS eases of Laennec’s cirrhosis 


TTnesre. 

NT^CBEa KTIH LtVEi 

1 NXiSra UimnVEEN'OTPUJ^SLS 

200-999 

s 

6 

1000-1399 

IS 

13 

1400-1799 

17 

7 

lSOO-2199 

15 

2 

2200-2599 

11 

0 

2600-2999 

3 

2 

3000-3799 

3 

0 

3500^599 

2 

0 

4600-5400 

1 

0 

Total 

7S 

30 


observed that the hvers of patients with cirrhosis who were alcohohes weighed 
on the average more than those of non-alcohohcs with cirrhosis The correla- 
tion between the weight of the hver and the type of alcohohe beverage drunk 
IS negative (226, 89) 

Chapman, Snell and Rowntree (54, 55) observed that the hver was palpable 
in 4S of 5S patients who had cirrhosis without ascites, and m 69 of 112 patients 
with ascites Evans and Gray (75) reported that of 211 hvers which showed 
cirrhosis 100 v eighed 1500 grams or more, and 111 v eighed less than 1500 grams 
Richard Bright is credited vath hanng stated that durmg the course of cirrhosis, 
the luer vas first enlarged and later diminished in size (39) As far as can 
be ascertained, there is no statistical endence to support tlus opmion 

A firm, palpable spleen was present in 170 patients, or 44 per cent of this series 
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The average veight of 43 palpable spleens was 580 grams, rangmg from ISO to 
1700 grams Sixty-eigbt non-palpable spleens weighed an average of 320 
grams, rangmg from 30 to 940 grams The average weight of the spleen m the^e 
111 patients was 420 grams Table 18 lists the weight of the spleen m patients 
with cirrhosis It can be seen that a palpable spleen is much more bleb to 
represent an enlaiged spleen than a palpable hver is to represent an enlarged 
hver In many patients, the presence of ascites must have prevented the pal- 
pataon of an enlarged hver or spleen 

Enlargement of the spleen is frequent m patients with cirrhosis Chapman, 
SneU and Rowntree (54, 55) reported that the spleen was palpable m 27 of 5S 
patients who had cirrhosis without ascites, and m 49 of 112 patients with as- 
cites lOopstock (141) found that the spleen was enlarged m 198 of 250 pa- 
tients m whom cirrhosis was present at autopsy Eppmger (74) obsen ed that 
the spleen was climcahj' enlarged m 69 per cent of 372 patients with curhosis 


TABLE 18 

Weight of the spleen in 111 cases of Laennec’s cirrhosis 


W13GHX or THE STT.TXS 

NEMBER WITH SPLEEN 
CLDaCALLY PALPABLE 

VTTlf^n? ^TTE SPLI 
CLJNtyCALL\ P4LPJ 

^rans 

0-199 

1 

IS 

200-399 

11 

2S 

400-599 

12 

IS 

600-799 

9 

3 

800-999 

5 

1 

1000-1199 

3 

0 

1200-1399 

1 

0 

1400-1599 

0 

0 

1600-1799 

1 

0 


The palpabihty of the hver apparently depends not onlj'’ on its size but on e 
density of the organ as well as the resistance of the abdomen to palpation 
On this account there is a poor correlation between the palpabihty of the hi 
its actual size Although the hver was palpable m 75 per cent of the 
series, the weight at autopsy was normal or subnormal m 63 per cent ^ 
ever, enlargement of the spleen is common at autopsy whether or not this or^^ 
IS palpable durmg life 

VASCT7LAB CHAXGES OCCT7ERIXG IX PATTEXTS WITH CIRKHOSIS OF THE EIVE 

Collateral circulation 

Dilated leins, endence of collateral circulation between the poital 
temic cuculations, appeared upon the abdomen and chest m 91, or 23 6 per 
of the patients m this senes In 4 patients, a large group of dilate veins, 
“caput medusae”, appeared around the umbihcus _ , 

Chapman, SneU and Eowntree (54, 55) reported that of 58 patien j 
cirrhosis without ascites, 7 had endence of collateral circulation, w e 
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vras oresent m 57 of 112 patients ■vrho had cirrhosis inth ascites Jankelson 
and Baker (127) lyere able to demonstrate by means of infra-red photography 
enlaiged tortuous collateral veins m the abdominal wall before they were visible 
to the naked eye 

Numerous case reports have been published descnbmg patients in whom the 
portal and systemic circulations were connected by means of large dilated col- 
lateral veins jonung the umbihcal or para-umbihcal veins with the mtemal 
mammary veins In these cases, a palpable, continuous thrill and a continuous 
murmur may be present m the epigastrium. (270 155 310) Thayer (269) 
reviewed this subject m 1911. and described a patient m whom the thnll and 
murmur disappeared a few hours before death 

Hemorrhoids were present m 105 of the 3S6 patients m this senes In recent 
years it has been recognized that a large proportion of the population of the 
age group of patients with cirrhosis suffer from hemorrhoids As IVhite (29S) 
pomted out, it is questionable whether hemorrhoids occur more frequently among 
patients with cirrhosis than m other people In 4 of the patients m this senes 
however the onset of hemorrhoids seemed defimtely related to their illness 
Chapman, SneU and Rowntree (54, 55) found hemorrhoids m 9 of 5S patients 
who had cirrhosis without ascites, and m 46 of 112 patients with cirrhosis with 
ascites If these observations are correct, they suggest that hemorrhoids are 
the result not only of portal stasis but also of pressure exerted by the ascitic 
flmd upon the infenor vena cava or the hemorrhoidal veins 

“T * oscular spiders 

An accurate analysis of the frequency of vanous skm lesions m patients with 
cirrhosis is not possible from the data available “Spider angiomata^ were 
desenbed m 15 per cent of the patients m this senes, and ieJangiecias^a in 17 per 
cent The association of the vascular “spider with cirrhosis of the hver has 
been reviewed recently by Patek Post and Tictor (193) They d^enbed the 
“spider as a “bnght red lesion characterized by a central pomt from which 
radiate fine hau-hke branches for a distance of about 1 cm. usually occumng 
on the skm of the face, arms, fingers and upper trunk and only occasionally on 
the lower trunk and hmbs It was possible to demonstrate pulsanons m the 
sp.ders Histologic sections revealed that the spideis were of two types In 
one variety it appeared to be an artery branchmg mto artenoles In the second 
group the junction between the afferent artery and the central vessel of the 
spider had the histologic appearance of a ‘ glomus, except that it branched mto 
capillaries instead of forming arteno-venous anastamoses Forty-eight of 63 
patients with cirrhosis were observed to have spiders In 3 patients, spurtmg 
hemorrhage from the spiders occurred 

Tne sp.ders may appear long before the recogmbon of chmcal symptoms 
of cirrhosis (214) Bloomfield (24) described a patient in whom large spider 
angiomata disappeared with the remission of the symptoms of cirrhosis 

WUhams and fcnell (302) have recently reviewed the association of la^we 
pulsatmg angiomata and cirrhosis They pomted out that cirrhosis may com- 
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The average v, eight of 43 palpable spleens was 580 grams, ranging from ISO to 
1700 grams Sixty-eight non-palpaWe spleens weighed an average of 320 
grams, rangmg from 30 to 940 grams The average weight of the spleen m these 
111 patients was 420 grams Table 18 lists the weight of the spleen m patients 
with cirrhosis It can be seen that a palpable spleen is much more hkeh to 
represent an enlarged spleen than a palpable hver is to represent an enlarged 
liver In manj^ patients, the presence of ascites must hai e prei ented the pal- 
pation of an enlarged hver or spleen 

Enlargement of the spleen is frequent in patients with cirrhosis Chapman, 
Snell and Rowntree (54, 55) reported that the spleen was palpable m 27 of 5S 
patients who had cirrhosis without ascites, and m 49 of 112 patients with as- 
cites Klopstoek (141) found that the spleen was enlarged in 198 of 250 pa- 
tients m whom cirrhosis was present at autopsy Eppinger (74) obsen ed that 
the spleen was chmcaUy enlarged in 69 per cent of 372 patients with cnrhosis 


TABLE 18 

Weiffhl of the spleen rn til cases of Laennec’s cirrhosis 


VmCEX OF THE SPLEEN 

VUlfBEK Wim SPLEEN 
CLI^^CALLY PALP^LE 

NEilBES WITH SPLEEN 

CLEaCAIL^ PUPABL 

grams 

0-199 

1 

IS 

200-399 

11 

2S 

400-599 

12 

IS 

600-799 

9 

3 

800-999 

i 5 

' 1 

1000-1199 

3 

0 

1200-1399 

1 

0 

1400-1599 

0 

0 

1600-1799 

1 

0 


The palpabdity of the hver apparently depends not only on its size but on e 
density of the organ as well as the resistance of the abdomen to palpation 
On this account there is a poor correlation between the palpabihty of the h\ er an 
its actual size Although the hver was palpable m 75 per cent of the 
senes, the weight at autopsy was normal or subnormal m 63 per cent 
ever, enlargement of the spleen is common at autopsy whether or not this orofl 
IS palpable dunng hfe 

VASCULAB CHAXGZS OCCURRTN'G IX PATIEXTS WITH CIRRHOSIS OF THE 

Collateral circulation 

Dilated veins, endence of collateral circulation between the portal and 

temic circulations, appeared upon the abdomen and chest in 91, or 23 pei 

of the patients m this senes In 4 patients, a large group of dilated veins, 

“caput medusae”, appeared around the umbdicus , „ , ^ had 

Chapman, Snell and Rowntree (54, 55) reported that of 58 patien 
cirrhosis without ascites, 7 had endence of collateral circulation, n er 
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■svas piesent m o7 of 112 patients ivho had cirrhosis with ascites Jankelson 
and Baker (127) were able to demonstrate by means of infra-red photography 
enlarged tortuous coUateral veins m the abdominal wall before they were visible 
to the naked eye. 

Xumerous case reports have been published descnbmg patients m whom the 
jiortal and systemic circulations were connected by means of large dilated col- 
lateral veins iommg the umbihcal or para-umbihcal veins with the internal 
mammary veins In thee cases a palpable contmuous thrill and a contmuous 
murmur may be present m the epigastnum. (270 155 310) Thayer (269) 
reviewed this subject m 1911 and descnbed a patient m whom the thnll and 
murmur disappeared a few hours before death 
Hemorrhoids were urgent m 105 of the 3S6 panents m this senes In recent 
years it has been recognized that a large proportion of the piopulation of the 
age group of piatients with cirrhosis suffer from hemorrhoids As IVhite (29S) 
pomted out it is questionable whether hemorrhoids occur more frequently among 
patients with cirrhosis than m other people In 4 of the patients m this senes 
however, the onset of hemorrhoids seemed defimtely related to their iUness 
Chapman, Snell and Rowntree (54 55) found hemorrhoids m 9 of 5S patients 
who had cirrhosis without ascites, and m 46 of 112 patients with cirrhosis with 
ascites If these observations are correct, they suggest that hemorrhoids are 
the result not only of portal stasis but also of pressure exerted by the ascitic 
fluid upon the inferior vena cava or the hemorrhoidal veins 

"T ' oscular spiders 

An accurate analysis of the frequency of vanous skm lesions in patients with 
cirrhosis is not possible from the data available ‘ Spider angiomata were 
descnbed m 15 per cent of the patients m this senes and telangiectasia m 17 per 
cent The association of the vascular “spider with cirrhosis of the hver has 
been reviewed recently by Patek, Post and Victor (193) They descnbed the 
‘ spider as a “bnght red lesion charactenzed by a central pomt from which 
radiate fine hair-hke branches for a distance of about 1 cm. usually occumng 
on the skm of the face arms, fingers and upj>er trunk, and only occasionally on 
the lower trunk and limbs It was piossible to demonstrate pulsations m the 
spiders Histologic sections revealed that the spiders were of two types In 
one vanety it appeared to be an artery branchmg mto artenoles In the second 
group the junenon between the afferent anery and the central vessel of the 
spider had the histologic appearance of a “glomus, except that it branched mto 
capillaries instead of forming arteno-venous anastamoses Forty-ei^t of 63 
patents with cirrhosis were observed to have spiders In 3 panents spurtmg 
hemorrhages from the spiders occurred 
The spiders may apjiear long before the recogmtion of chmeal symptoms 
of cirrhosis (214) Bloomfield (24) descnbed a patient m whom large spider 
angiomata disappeared with the remission of the symptoms of cirrhosis 
WiDiams and SneU (302) have recently reviewed the association of large 
pulsating angiom-^ta and cirrhosis They pomted out that cirrhosis may com- 
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plicate hereditary hemorrhagic telangiectasis (Osler-Rendu-Weber syndrome) 
Weber (289) and ^'an Bogaert (279) have described fanuhal instances of this 
sjmdrome 

"Liver 'palms,''' a condition m which the thenar and hypothenar eminences 
are pmk and flushed, were described m 16 of the 386 patients m this senes It 
IS the authors’ impression that these occur more commonly than the figures 
suggest It may be pomted out that similar changes are observed in other 
conditions, notably rheumatoid arthritis The nature of these changes is 
unknown 


Cardio-respir alary signs 

Cyanosis was observed m 19 patients, or 5 per cent of the senes Of the 
19 patients with cyanosis, 3 had clubbed fingers, and 8 were dyspneic None 
of the patients had hydrothorax Fifteen patients were noted to be cyanosed 
either at the same tune or after the appearance of ascites In 2 of the patients 
who were cyanosed, ascites was not descnbed In 2 others, the cyanosis vas 
said to precede the onset of ascites 

Cyanosis was descnbed m 23 of 162 patients with cirrhosis reported by 
Hennkson (115) Keys and Snell (139) obsen’^ed that the oxygen saturation 
of the artenal blood was subnormal m 8 of 14 patients with cirrhosis Tho> 
suggested that m cirrhosis there might be an alteration m the affimty between 
oxygen and hemoglobm Darhng (64) found the mean ox 3 "gen saturation of 
the artenal blood of 34 patients with cirrhosis was 95 0 per cent, only 0 5 per 
cent below normal Subnormal values of artenal oxygen saturation were 
obseiv'ed in 9 instances In 3 of these there was co-existing pulmonary disease 

Bouchut, Froment and Grasset (34) correlated the chmcal and pathologic 
endence of cardio-vascular disease m 160 patients observed to have “alcohohc 
cirrhosis at autopsy In 65 per cent of the cases the systohc blood pressure 
was normal, m 10 per cent it was less than 110 mm Hg , and in 25 per cen , 
more than 140 mm Hg The weight of the heart was not significantly abnorina 

m 80 per cent of cases The remammg 31 hearts weighed more than 400 grams^ 
In 18 instances the hypertrophy could be explamed on the basis of obxio^ 
cardio-vascular pathology, such as syphilis, hypertension, chrome nep 
or myocarditis It seems reasonable to conclude that the cardio-vasc ar 
status of patients with cirrhosis of the hver does not differ matenaUy from t a o 
patients of a comparable age group 

Chauffard and Routier (56) beheved that arrhythmias, especially ex r^ 
systoles, were frequent m Laennec’s cirrhosis The data m the present s^^ 
do not support this behef hloreox'er, arrhythnuas were present m o y 
Bouehut’s 160 cases (34) ogg 

Excludmg those patients who had chrome pulmonary disease, 16 o e 
patients m this senes vere descnbed as ha^mg clubbed fingers and 5 ot 
said to have excesswe cuivmg of the finger nails Sex enteen of these pa e ^ 
had ascites, and 5 had hydrothorax Three of the patients were c 3 ’^ano=e , 

5 had dyspnea 
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Clubbed fingers have been reported infrequently m patients mth cirrhosis 
(67, 306, 72, lOS) Darhng (64) observed clubbed fingers m 2 of 34 patients vho 
had cu-rhosis One of these was a patient m whom the oxygen saturation of 
the artenal blood was less than 92 per cent In the other patient, the oxygen 
saturation of the arterial blood was 96 5 jier cent, a normal value 

Hydroihorax 

Hydroihorax is not unusual m Laennec’s cirrhosis In 25 of the 3S6 patients, 
hydrothorax was discovered by physical examination, roentgenographic examma- 
tion, or at autopsy In 9 of these, the hydrothorax was hmited to the nght side 
of the chest, m 3 cases to the left side It was bilateral m S instances In 5 
other cases the side on which the hydrothorax occurred was not specificed In 
6 instances specific gravity determinations were made on the chest fimd Of 
these, one was 1 010, three were 1 012, one was 1 013, and one was 1 014. 

In 24 of the 25 patients with hydrothorax, ascites was also present Five 
of the patients with hydrothorax had clubbed fingers or excessive curvature of 
the finger nads Xone was cyanosed 

Hydrothorax was present m 19 of 54 cases of cirrhosis reported by TTang 
(2S7), and m 34 of 157 cases exammed post-mortem by Barrera (13) Vedel and 
Puesch (2S0) reviewed the co-mcidence of pleural effusion and cirrhosis of the 
hi er They reported that pleural effusion occurred m one-sixth to one-seventh 
of cases with Laennec’s cirrhosis The pleural fimd usually appears m conjunc- 
tion with ascites and is usually accompamed by fever Vedel and Puesch ob- 
served pleural effusion m the nght and left pleural cavities with equal frequency 
Blood is usually present m the pleural fimd on microscopic examination, and 
m three of then cases the fimd was grossly bloody They attributed the pre- 
sence of blood m the pleural fimd to the general hemorrhagic tendency of pa- 
tients with cirrhosis Vedel and Puesch beheved that pleural effusions m 
cirrhosis might be the residt of mdependent pathology such as nephntis or 
tuberculosis Rarely, there was a hydrothorax for which no apparent cause 
was found In most instances, however, the characteristics of the pleural fimd 
suggested that some inflammation was present They beheved that this might 
be the result of perihepatitis or pensplemtis adjacent to the diaphragm Goffart 

(96) studied the pathogenesis of the pleural effusion m 10 patients with cirrhosis 
He too observed that the pleural flmd was usually hemorrhagic The protem 
content of the flmd never exceeded 3 7 grams per 100 cc He beheved that the 
hydrothorax resulted from a combmation of factors He thought mechamcal 
stasis m the pulmonary vascular bed as the result of a high diaphragm due to 
ascites probably plavs a role, but only mconstantly Dunmution of the colloid 
osmotic pressure of the blood was present m 6 of S patients with cirrhosis who had 
pleural effusion, as measured by a dimmution m the serum alb umin to 3 3 grams 
per 100 cc or less Goffart beheved it likely that an mcrease m capillary perme- 
abflity was also present, although he did not study this factor Tuberculosis 
was not present in any of Goffart s cases, and gumea-pig moculation of the pleural 
flmd m S patients was neaatu'e 
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Taylor (266) descnbed a case of hemorrhagic pleural effusion m a 13-year 
old girl who was found at autopsy to have “multilobular” cirrhosis and 3 small 
infarcts m the postenor lobe of the lung Christian (58) reported a case of 
cirrhosis m which autopsy revealed no apparent cause for a hemorrhagic effusion 
m the pleural canty’' Very rarely, hy^drothorax may be the result of a traumatic 
perforation of the diaphragm permittmg ascitic fluid to enter the thorax (99) 


Hydropencardium 

There were no instances of hydropencardium m this senes Most authors 
hke'Wise do not report its occurrence Barrera (13), however, noted that among 
157 patients obsen’'ed to hax’e portal cirrhosis at necropsy^ m Manila, 11 patients, 
or 7 per cent, had hydropencardium Indi-vidual instances of pericardial effusion 
in cirrhosis have been reported by others (265, 34, 147) The amount or com- 
position of the pencardial flmd was not stated 


Neurological manifeslaiions 

Neurological exammations were made m 300 of the 386 patients in this senes 
One hundred mnety-si\, or approximately two-thirds of those examined, were 
found to have no abnormal neurological signs Forty patients, or about 
per cent, had either the symptoms of peripheral neuritis or absent deep re exes 
The frequent occurrence of penpheral neuntis m patients with cirrhosis ss 
only recently been recogmzed Roger, Cornil and PaiUas (222) reporte ^ 
20 of 104 patients ■with cirrhosis had neurological signs charactenstic o a 
cohohc” penpheral neuntis paraplegia, dropped foot, absent deep re ex«, 
hypesthesia of the skm and hyperalgesia of the muscles and nerve 
Women were affected three tunes as frequently as men Sunilar findmgs a\ 
been reported by others (191, 192, 288) t 

Wilson (304) made a careful study of a syndrome of bilateral synme ^ 
softenmg of the lenticular nucleus, especially the putamen, combme 
“multilobular or mixed” hepatic cirrhosis The disease may be fam a an 
usually occurs m children or young adults There are symptoms o 
stnatum disease, usually^ without any chmcal endence of hepa ic ^ 
A Kayser-Fleischer nng, a greemsh nng at the outer margm of t ® 
occasionaUy present (12) At times, (12, 208), chmcal symptoi^ Lease 
may precede the appearance of neurological symptoms m i i o ^ Pirrhosis 
The etiology" of Wilson’s disease and its relation, if any, to Laennec s 
are unknowm (Cf ref 315 for rexnew of hterature ) , .i. Vaennec’s 

Menial changes, which are comparatix’-ely common m patients w , 
cirrhosis, were descnbed m 28 of 386 patients m this senes 
was obsenmd m 7 patients, “mama” m 3, and “dehnum treme^ 
OccasionaUy, Korsakow’s psychosis, haUuemations, or delusions 

%rencr(90) descnbed a “noisy delinum” foUoited to’ 

event m cinhosei Thierfelder (270) obse^ed tta »»“ 

mlsions and coma were common toward the end of the cours 
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emphasized that icterus need not be present Debenedetb. (6S) described pa- 
tients -Rith cirrhosis as charactensticallv euphoric Ddtuum tremens was present 
in 5 per cent of 372 patients with cirrhosis studied by Eppmger (74) Portis 
(201) beheves that depression, headache, loss of memory, delmum, confusion, 
and coma are not imcommon m cirrhosis 
Recent studies mdicate that certam of these mental changes, hke the poly- 
neuritis, may be related to co-existmg nutritional deficiency Snell (249) 
described encephalopathic states “similar to acute alcohohsm and acute pellagra ’ 
m hver disease — mental confusion progressmg to deep stupor and muscular 
spasticity and evidence of cerebral imtation Three patients responded to 
therapy with large doses of mcotmic acid and thiamin chlonde mtravenously 
Patek and Post (192) observed mental changes m one-third of their senes of 
patients These changes were characterized m certam patients by confusion 
and euphona and m others bj* torpor simula ting “cholemia ’ In addition, 
lateral nystagmus was observed in 10 patients These changes (except for 
nystagmus) cleared with dietary therapy 

It IS therefore hkely that certam of the nervous manifestations of cirrhosis are 
due to co-existing nutntional deficiency rather than to “cholemia The expen- 
mental production of encephahtis by dietary deficiency (4) might support this 
pomt of view 

Peter 

Excludmg all cases m which a patent cause such as secondary infection or 
hemorrhage, was present, there were 93 patients or 24 per cent of those with 
cirrhosis who bad a temperature of 100 4'F or more while under observation 
The fever was usually protracted and of low grade Five patients had a spikmg 
temjierature reachmg 102 'F each day C hills and fever with temperatures as 
high as 103 'F were noted m 13 patients m 11 of whom pathologic exammation 
was made 

The frequent occurrence of fever m Laennec s cirrhosis is not often appre- 
ciated Eppmger (74) noted that fever was present without apparent cause m 
20 per cent of patients with cirrhosis Carrmgton (49) reviewed the charts 
of 50 patients who were thought to have uncompheated cirrhosis, and noted 
that IS patients were febnle In SI patients with uncompheated portal cirrho- 
sis Kmg (140) found that 14 were afebrile, 56 had temperatures between 99° 
and 101 °F , 4 had temperatures between 101 'F and 103 °F , and 7 patients had 
temperatures between 103° and 105°F 

Concurrent blood disorders 

In this senes there were 2 patients with Addisoman pernicious anerma, con- 
firmed at autopsj- one patient with sickle-cell anemia, and one with polycj-themia 
\ era which had been treated with phenylhydrazme 

There have been occasional case reports on the comcidence of cirrhosis of 
the hver and Addisonian pernicious anemia Remen (213), m 1932 renewed 
the literature collectmg 5 cases proved pathologically, m addition to his own 
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j\IcCartney (165) obsen’^ed one instance of pernicious anemia among 245 cases 
of cirrhosis at autopsy^ and Wintrobe and Schumacher (307) reported 2 cases 
among 138 autopsies on patients mth cirrhosis Bigg (23) noted that of 200 
patients "with pernicious anemia, 6 had palpable spleens, one of these 6 patients 
was found to hare cirrhosis at 'poal-morlem Smce malnutntion, gastntis, and 
achlorhydria occur frequentl3' m patients with cirrhosis of the hver, the coin- 
cidence of permcious anemia might be anticipated 
As weU as could be ascertamed, there are no reports concenung the comci 
dence of sickle-cell anemia and cirrhosis Bauer (17), however, has descnbed 
pathologic changes m the hver of patients with sickle-cell anemia Thehrer 
cells may show vacuohzation, fatty change and necrosis There may be pro- 
liferation of the Xupfer cells, penvascular infiltration with hmphocytes and 
monocytes, and some penportal fibrosis 
A review of the hterature mdicates that cirrhosis of the hver occasionally 
comphcates polymyihemia vera Harrop (113) found that m at least half of 
the chmcal reports of polymythemia vera there was enlargement of the hver 
He beheved that cirrhosis is a rather common termmal event m polycythemia 
Sohval (252) collected 10 cases from the hterature m which polycythemia vas 
comphcated by cirrhosis Phenylh5’'drazme had been used to treat 3 of the 
patients and Sohval pomted out that this drug can produce curhosis eypen- 
mentally Hurst and Hurst (122), however, found that pbenylhydrazine only 


rarely produced cirrhosis m gumea-pigs 
It has long been known that anemia is frequently^ present m cirrhosis (16) 
HoHer and Kudelka (117) showed that in 3 of 5 patients with cirrhosis, the mean 
corpuscular diameter of the red blood corpuscles was mcreased Wmtrobe (3Ua; 
studied the blood picture m 23 patients who had Laennec’s or "tovic” cirrhosis 
Anemia was present m every^ instance In 10 cases the anemia was macrocytic, 
in 11 it was normocytic, and m 4 others, hyqiochroinic microcjdic m type 
The cause of macrocytic anemia m cirrhosis is not clear Wmtrobe and others 
(308, 97, 95) have reported a reticulocyte response followmg therapy* with hi er 
extract m patients who have cirrhosis with macrocytic anemia It has ^n 
suggested that the macrocytic anemia of cirrhosis is caused by^ failure 
hver to store the specific anti-anenuc substance of permcious anemia 
demonstration by Schiff and his co-workers (232) that this substance is presen 
m human hrers with cirrhosis renders such an hyqiothesis untenable 

There is considerable variation m the leukocy*te count m patients with cirr o 
sis Rolleston and hlcXee (227) beheved that leuLocytosis did not occur m 
patients with cirrhosis m the absence of comphcations 
descnbed m 36 per cent of patients studied by Eppmger (74) ^ 

analyzed the white blood cell coimt of 61 patients with uncomphcated o- 
The leukocyte count was less than 6,000 m 31 per cent of the 
6,000 and 10,000 m 41 per cent of the cases, and between 10,000 and o, 

28 per cent of the cases Seven of the 17 patients with leukocy tosis a 
peratures rangmg from 101“ to 105“F In most instances there w^ a no 
leukocyte response to infection The leukocyte count tends to 
those patients in whom extreme splenomegaly* is present 
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COMPLICATIOXS 
IniercuTTcnt mfection 

Laennec s cirrhosis is frequently comphcated and often tenninated by second- 
ary infection Table 19 hsis some of the mtercurrent mfecnons that may occur 
in patients mth cirrhosis Pcriiomhs iras observed m 12 of the 3S6 patients m 
this senes Erysipelas infection about a paracentesis wound, and phlebiiis 
occurred m a few cases T ithcrculosis was present clmically m only four patients, 
of whom 2 had tuberculous pentonitis Of 150 patients studied at autopsy, 
only 3 were found to have active tuberculosis One patient had parotitis 
Blumenau (26) reported that of 126 pafaents observed to have cirrhosis at 
autopsy, 10 per cent died of tuberculosis, and 26 per cent of such other infections 
as pneumonia, pentonitis, and erysipelas iIcCartney (165) studied at autopsy 
15S patients who died of cirrhosis, and noted that there were 5 patients who 
had pneumoma, 12 who had pentomtis, 2, tuberculous periionitis, one, mihary 


TABLE 19 

InicTC^rrciii iniceiion durir,g the cojrsc of Lacnncc's cirrhosis xn SSS paiicnis 


IKi-A-hlUN 

1 VTrUSIX or CASTS 

Bronebopneumoma 

S 17 

y on- tuberculous pentomtis 

1 12 

L-obar pneumoma 

1 5 

Bacteremia 

i ^ 

Erysipelas 

' 3 

Phlebitis 

1 3 

Tuberculous pentomtis 

1 2 

Chrome pyelonephntis 

i 2 


Also 1 eacli — tuberculous pentonitis, tuberculosis site unspecified, bactenal meningitis, 
infected Oisctenal) paracentesis wound, parotitis, “acute infianunation of the eye,” 
bactenal mastoiditis, cystitis 


tuberculosis, 2, pulmonary abscess 2, sepsis, and 1, erysipelas Robert (220) 
noted that 6 7 per cent of panents who had Laennec s cirrhosis at autopsy had 
comadental acute endocarditis, compared with 3 4 per cent of a control senes 
Four of his panents died of pachymeningitis, and 3 of sepsis A number of 
cases have been reported (2S4) m which the patient died of staphylococcus 
sepsis Three of Cheadle s (57) 53 pabents with cirrhosis had facial erysipelas 
Smee mtercurrent infections are an important cause of death m patients 
with cirrhosis of the hver, the control of such infections should influence favorablv 
the prognosis of this disease The present senes of cases preceded the mtro- 
duction of sulfonamide drugs for the treatment of infections However, m 
our personal expenence, 17 patients have been treated with suh'onamide drugs 
for pneumoma facial and wound erysipelas, and phlebitis tVith possibly two 
exceptions this therapy was efiecUve and well tolerated In the authors’ 
opimon, the presence of cirrhosis of the hver does not contramdicate the judicious 
tnal of these dru^ 
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JMcCartnej’’ (165) observed one instance of pernicious anemia among 245 cases 
of cirrhosis at autops 3 ', and Wmtrobe and Schumacker (307) reported 2 case; 
among 138 autopsies on patients mth cirrhosis Bigg (23) noted that of 200 
patients with pernicious anemia, 6 had palpable spleens, one of these 6 patents 
was found to have cirrhosis at poat-moriem Smce malnutrition, gastnhs, and 
achlorhj'dna occur frequently’’ m patients with cirrhosis of the hver, the com 
cidence of permcious anemia might be anticipated 
As well as could be ascertamed, there are no reports concerning the comci 
dence of sickle-cell anemia and cirrhosis Bauer (17), however, has descnbed 
pathologic changes m the hver of patients with sickle-cell anemia The hver 
cells may- show vacuohzation, fatty change and necrosis There may be pro- 
liferation of the Kupfer cells, penvaseular infiltration with lyunphocydes and 
monocjdes, and some penportal fibrosis 

A review of the hterature indicates that cirrhosis of the hver occasionallv 
comph cates polycy’themia vera Harrop (113) foimd that m at least half of 
the cbmcal reports of polycythemia vera there was enlargement of the hver 
He beheved that cirrhosis is a rather co mm on termmal event m polycythemia 
Sohval (252) collected 10 cases from the hterature m which polycythemia was 
comphcated by cirrhosis Phenylhydrazme had been used to treat 3 of the 
patients and Sohval pomted out that this drug can produce cirrhosis e’qien- 
mentally^ Hurst and Hurst (122), however, found that phenylhydrazme only 


rarely pioduced cirrhosis m gumea-pigs 

It has long been known that anemia is frequently^ present m cirrhosis (16) 
Holler and Kudelka (117) showed that m 3 of 5 patients with cirrhosis, the mean 
corpuscular diameter of the red blood corpuscles was mcreased Wmtrobe (dus; 
studied the blood picture m 23 patients who had Laennec's or “tome” cirrhosis 
Aneima was present m every^ mstance In 10 cases the anemia was macrocytic, 
m 11 it was normocytic, and m 4 others, hypochromic microcytic m type^ 
The cause of macrocytic anemia m cirrhosis is not clear Wmtrobe and others 
(308, 97, 95) have reported a reticulocyte response followmg therapy' with hier 
extract m patients who hav'e cirrhosis with macrocytic anemia It has b^n 
suggested that the macrocytic anemia of cirrhosis is caused by' failure ® 
hver to store the specific anti-anenuc substance of permcious anemia ^ 
demonstration by' Schiff and his co-workers (232) that this substance is presen 
m human hvers with cirrhosis renders such an hy'pothesis untenable 

Tbeie is considerable variation m the leukocyte count m patients wit cur 
sis RoUeston and hlcXee (227) beheved that leukocytosis did not occur 
patients with cirrhosis m the absence of comphcations 
descnbed m 36 per cent of patients studied by' Eppmger (74) 1 

analyzed the white blood cell coimt of 61 patients -with uncomphcate ^ 

The leukocyte count was less than 6,000 m 31 per cent of the ^ 

6,000 and 10,000 m 41 per cent of the cases, and between 10,000 an o, 

28 per cent of the cases Seven of the 17 patients with leukocytosis a 
peratures rangmg from 101 = to 105"F In most mstances ^ere w^ a n ^ ^ 
leukocvte response to infection The leukocyte count tends 
those patients m whom extreme splenomegaly is present 
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COMPIJCATIOX5 
IniercuTTcnt iTifcdJon 

Laennec s cirrliosis is frequently complicated and often terminated by second- 
arr infection Table 19 lists some of the intercurrent infections that may occur 
m patients mth cirrhosis Pcniomiis rras observed m 12 of the 3S6 patients m 
fhi^ senes Erysipelas infection about a paracentesis iround, and pJiIchiiis 
occurred m a fete cases T liberculosis tras present clmicaHy m only four patients, 
of whom 2 had tuberculous pentomtis Of 150 panents studied at autopsy, 
only 3 were found to hare actire tuberculosis One patient had parotitis 
Blumenau (26) reported that of 126 patients observed to have cirrhosis at 
autopsy, 10 per cent died of tuberculosis and 26 per cent of such other infections 
as pneumoma, pentomtis, and erysipelas iIcCartney (165) studied at autopsy 
loS patients who died of cirrhosis, and noted that there were 5 patients who 
had pneumoma, 12 who had pentomtis, 2 tuberculous pentomtis; one, mihaiy 

TABLE 19 


Intcrcj-rcnl inicciwn du-tr,g tf-e cojrsc of Laenric’s ci~rhosis in SS5 paficr.is 


IKnCT'Cas 

J \-r3322 or CASTS 

Bronebopneumoma 

! 

Xoa-Tuberculous pentomns 

. 12 

Lobar pneumonia 

0 

Bacteremia 

j 4 

Erysipelas 

3 

Phlebitis 

S 

Tuberculous pentomtis 

* 2 

Chrome pyelonephntis 

1 2 


Also 1 each — tuberculous pentomtis, tuberculoas ate unspecified, bactenal meningitis, 
inlected (bactenal) paracentesis tround, parotitis, “scute inSammatioa of the eve,” 
bactenal niasto,ditis cvstitis 


tuberculosis, 2 pulmonaiy abscess, 2 sepsis, and 1, erysipelas Robert (220) 
noted that 6 7 per cent of panents who had Laennec s cirrhosis at autopsy had 
comadental acute cndocardiiis, compared with 3 4 per cent of a control senes 
Four of his panents died of pachymeningitis, and 3 of sepsis A number of 
cases have been reported (2S4) m which the patient died of staphylococcus 
sepsis Three of Cheadle s (57) 53 panents with cirrhosis had facial erysipelas 
Smee mtercurrent infections are an important cause of death m patients 
with cirrhosis of the hver, the control of such infections should influence favorably 
the prognosis of this disease The present senes of cases preceded the mtro- 
duenon of sulfonarmde drugs for the treatment of infections However m 
our personal expenence 17 panents have been treated with stdionamide drugs 
for pneumom*’, facial and wound erysipelas and phlebitis "With possibly two 
excephons this therapy was eSecbve and weU tolerated In the authors' 
opmion, the presence of cirrhosis of the hver does not contramdicate the judicious 
tnal of these drugs 





Herniae 

Seventeen of the 386 patients in this senes vere said to have dei eloped 
mbihcal herniae dunng the course of their illness Three of these hemiae 
3came incarcerated, with fatal results m two instances In one patient, the 
ppearance of an inguinal hernia w as the first symptom of cirrhosis On the 
ISIS of mcomplete data, 13 additional patients had mgmnal hemiae 
Blumenau (26) reported that of 128 patients m whom cirrhosis was discovered 
; autopsj'^, 3 had died as the result of mcarceration of hermae Chapman, 
lell and Rowntree (54, 55) noted that of 58 patients who had cirrhosis without 
icites, 6 had herniae, but of 112 patients m whom ascites was present, 47 had 
jrmae These hermae were umbihcal m 24, ventral m 7, inguinal m 9, and 
ngastnc m 2 instances In 5 patients the location of the hemiae was not 
signated Altschule (5) has recently emphasized the frequent occurrence of 
;rmae in patients with cirrhosis He descnbed 4 patients m whom hermae 
3re very earl}’’ sjTnptoms of the disease The mcreased mtra-abdommal 
essure resultmg from the presence of ascites seems to precipitate the appearance 
henuae 


Coincidence of 'peptic ulcer 

Fourteen patients, or 3 6 per cent of this senes, had a history of peptic ulcer 
ncurrent -with, or precedmg their present illness 

Although descnptions of cirrhosis seldom mention the occurrence of peptic 
cer, the two diseases have been reported as comcident m a rather high pro- 
irtion of instances Schmtker and Hass (236) found that among 72 cases o 
vanced cirrhosis studied at autopsy 14, or 19 5 per cent, had peptic ulcers 
inversely, of 100 patients with gastnc or duodenal ulcers, 14 had cirrhosis 
;kanazy (7) reported that of 64 patients with various types of curhosisa 
tops}’’, 5 had gastnc ulcers In Japan, Suzuki (261) noted that among 
ses of Laennec’s cirrhosis at necropsy, there were 3 patients with P®P 
:er In 38 instances of hepatic cirrhosis studied post-mortem Ask-Upmar ( 
served 9 mstances of peptic ulcer, 7 of which were m an active stage a 
)7) reported that peptic ulcer was present m patients ■with cirrhosis m 9 pec 
it of cases m Leipzig, but m only 1 8 per cent of cases m Russia 
It seems probable, therefore, that peptic ulcer is an occasional concomi an 
Laennec’s cirrhosis The reason for this association is not clear 

Portal vein thrombosis 

Dccasionally, thrombosis of the portal vein may compheate Laennec s 
ngdon Brown (37) renewed the early hterature, and reported t a 
u thrombosis occurred m 3 per cent of 334 patients in whom cirr j 

isent at autopsy Weir and Beavei (294) reported eight mstancK o 
rhosis or “chrome toxic yellow atrophy” which were complicate } 
ra- or extra-hepatic portal thrombosis With one exception, all t esc pa 
i ascites Osier (189) observed that rapidly developmg ascito o 
matron of a portal vem thrombus, due presumably to the sud en me 
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portal pressure However, it should be pointed out that the rapid onset of 
ascites mav occur without portal vein thrombosis and that portal vein thrombo- 
sis also may occur without the rapid onset of ascites 

Renal diszasz 

In recent years there has been much discussion concermng the renal comphea- 
nons of hver disease Twenty-five of the panents m this senes or 6 5 per cent 
were said to have chrome nephritis or hypertensive cardio-vascular-renal disease, 
and 2 patients had chrome pyelonephntis Aroumtnuria was present m 46 of 
the oS6 patients with cirrhosis m this senes Albummuna is not uncommon m 
Laennec s cirrhosis, although the frequency with which it is reported to occur 
vanes widely from dime to dime RoUeston and ^IcXee (227) thought albu- 
mmuna rare while Hennkson (115) found it m 47 per cent of 151 cases of cu- 
rhosis ^lurchison (179) and much later Rao (212) thought that albummuna 
disappeared followmg paracentesis This would suggest that the albummuna 
was the result of renal stasis caused by pressure on the renal vem from the 
asatic fluid 

There is disagreement m the hterature concermng the frequency of renal 
compheations in Laennec s cirrhosis (227, 207 223) Whether or not there is 
an mcreased incidence of renal disease among patients with cirrhosis cannot be 
deduced from the data available Apparently albummuna occasionally occurs 
but there is no evidence that this is the result of anythmg more than congesnon 
of the kidney resultmg from the pressure of the ascinc flmd on the renal vem 

Gall-bladder discas: 

Cholecystitis and cholehthiasis are occasional compheations of Laennec s 
cirrhosis although no apparent obstruction of the bfliary ducts is prsent 
Three per cent of the patients m this senes had cholecystitis Unfortunately 
there are no data concermng the frequency of cholehthiasis 

Rabl (207) compared the madence of cholehthiasis at autopsy m panents 
with cirrhosis and those without cirrhosis The mcidence of cholehthiasis m 
panents with cirrhosis vaned from 3 0 per cent m the Transcaucasus to 19.2 
per cent m Leipzig, but it was mvanably much higher m panents with cirrhosis 
than in the controls 

PFOGXOSIS 

Two hundred forty-five of 3S6 panents m this senes were followed until 
their death More than 60 per cent of these fatal cases had died withm one 
year of the first symptoms of the disease An addinonal 117 were lost to 
follow-up at one or another stage of the illness In many instances these 
patients left the hospital m a monbund condition. Only 24 patients m the 
senes were known to be ahve at the tune the records were renewed 

Ideally the prognosis of a disease should be determmed b_v traemg the course 
of a Urge complete senes from first sjTnptoms untd death In the case of 
cirrhosis of the hver this is impossible because these patients are comprised 
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Hermae 

Seventeen of the 386 patients in this senes were said to haie de\ eloped 
'umbilical hermae dunng the course of their illness Three of these hermae 
became mcarcerated, with fatal results m two mstances In one patient, the 
appearance of an inguinal henna was the first symptom of cirrhosis On the 
basis of mcomplete data, 13 additional patients had ingiunal hermae 

Blumenau (26) reported that of 128 patients m whom cirrhosis was disco\ered 
at autopsy, 3 had died as the result of mcarceration of hermae Chapman, 
Snell and Rowntree (54, 55) noted that of 58 patients who had cirrhosis without 
ascites, 6 had hermae, but of 112 patients m whom ascites was present, 47 had 
hermae These hermae were umbihcal m 24, ventral m 7, inguinal in 9, and 
epigastric m 2 instances In 5 patients the location of the hermae was not 
designated Altschule (5) has recently emphasized the frequent occurrence of 
hermae m patients with cirrhosis He descnbed 4 patients m whom hermae 
were very earl}’’ s5Tnptoms of the disease The mcreased intra-abdominal 
pressure resultmg from the presence of ascites seems to precipitate the appearance 
of hermae 


Coincidence of peptic ulcer 

Fourteen patients, or 3 6 per cent of this senes, had a histoiy of peptic ulcer 
concurrent with, or precedmg their present dlness 
Although descnptions of cirrhosis seldom mention the occurrence of peptic 
■ulcer, the two diseases have been reported as comcident m a rather high prm 
portion of instances Schnitker and Hass (236) found that among 72 cases o 
advanced cirrhosis studied at autopsy 14, or 19 5 per cent, had peptic ulcers 
Conversely, of 100 patients ■with gastnc or duodenal ulcers, 14 had cirrhosis 
Askanazy (7) reported that of 64 patients with vanous t 3 ’'pes of cirrhosis a 
autopsy, 5 had gastnc ulcers In Japan, Suzuki (261) noted that among ^ 
cases of Laeimec's cirrhosis at necropsy, there were 3 patients with P®P ' 
ulcer In 38 instances of hepatic cirrhosis studied post-mortem 
obsen’ed 9 instances of peptic ulcer, 7 of which were in an active stage 
(207) reported that peptic ulcer w’as present m patients with cirrhosis m per 
cent of cases m Leipzig, but m only 1 8 per cent of cases m Russia 

It seems probable, therefore, that peptic ulcer is an occasional concomi a 
of Laennec's cirrhosis The reason for this association is not clear 


Portal vein thrombosis 

OccasionaUj’^, thrombosis of the portal vein ma}’ complicate Laermec s 
Langdon Bro-^m (37) renewed the earl}' hterature, and reported t a ^ 
vem thrombosis occurred m 3 per cent of 334 patients m w'hom cirr 
present at autops}' Weir and Beaver (294) reported eight mstance= o P 
cirrhosis or "chrome tovic yellow atrophy” -uhich were complicate - 
mtra- or extra-hepatic portal thrombosis With one exception, a ese p 
had ascites Osier (189) observed that rapidly developmg ® m 

formation of a portal vein thrombus, due presumably to the sud e 
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largel 3 ’ of alcoholics, who are a shiftless population Moreover, the first gmp- 
toms of Laennec s cirrhosis maj' be vague and ill-defined, so that the paheat’s 
history is of questionable rehabihty, particularly when he is mentally dulled 
bj' his disease For these reasons, the data are analyzed with respect to certain 
specific signs, i e , ascites, jaundice, and hematemesis, which permit faulr 
accurate recognition by the patient Survivorship tables were constructed 
according to standard methods employed m actuarial tables,^ and the com- 
putations mclude both hvmg and dead patients 

Table 20 illustrates the method of eomputmg survivorship of 296 patients 
after the onset of ascites Figure 2 is a graphic presentation of these data 
This figure reveals that after the onset of ascites, 47 per cent survived 6 months, 

TABLE 20 


Surviial of patients with cirrhosis oj the liter from onset of ascites 


PTEiOD 

1 

VniBEE 
OBSEaVia) KT 
BEGIKKE^G O? 
PERIOD 

DUD DT7KI^G 
XEEPESJOD 

DROPPED IROif 
OBSER\ \TION 
DCEISr 
lar PERIOD 

PROPORTTOS 
DVI^G DURING 
THE PERIOD or 
THOSE 

OBSERX-ED A.T 
BEGDTN'ISC OF 
PERIOD (q) 

PROPORTION 
LIVING AT ENT) 

or PERIOD OF 

IH05E oBSERvn: 
ATBECISNTSG 
PERIOD 
(p ^ i - 

pioporhon 

SEIVIVI>3 XT 

130 0'*^ 
PERIOD 0? 
ORJCIMI 
COHORT 0) 



B 

c 

D 

E 

F 

1st month 

296 

50 

16 

0 169 

0 831 

0 S31 

2nd month 

230 

41 

15 

0 178 

0 822 

0 6S3 

3rd month 

174 

21 

12 

0 121 

0 879 

0 600 

4th month 

141 

8 

8 

0 057 

0 943 

0 566 

5th month 

125 

10 

4 

0 OSO 

0 920 

0 511 

6th month 

111 

10 

7 

0 090 

0 910 

0 474 

7th month 

94 

9 

o 

0 096 

0 904 

0 42S 

Sth month 

S3 

6 

2 

0 072 

0 92S 

0 397 

9-12 months 

75 

14 

15 j 

0 187 

0 813 

0 323 

2nd vear 

46 

21 

4 1 

0 457 

0 543 

0 175 

3rd year 

21 

8 

1 

0 3S1 

0 619 

0 lOS 

4th vear 

12 




1 000 

0 lOS 

5th year 

12 

4 


0 333 

0 667 

0 071 


32 per cent sunived one j’^ear and but 17 per cent survived 2 3 'ears The onse 
of ascites, thus, bears with it an ommous prognostic significance 
Similar computations were made for 245 patients foUowmg the 
jaundice (This refers to jaundice m the present illness and not to 
that antedated chmcal evidence of cirrhosis ) The sunrvorship cun e o ^ 
cases (Figure 3) is similar to that following the onset of ascites This imp 
that the prognosis becomes grave after the onset of jaundice m 
Laennec’s cirrhosis In the present senes 44 per cent hved 6 months, 
cent hved one 3 'ear, and 23 per cent hved two 3 '-ears after the onset 

In the case of hematemesis the data are less satisfactory' because of t e sma^ 
senes of 106 patients m this group Figure 4 reveals the penod o sun 

’ The authors are indebted to Mr Herbert Marks of the Metropohtan 
Company for his helpful cnticism and technical assistance in the analysis o 
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pauents In Ins analvsis of 372 cases Eppinger (73) gave no data on prognosis, 
but be stated that once abdominal paracentesis vras performed a fatal outcome 
vras immment Bloomfield (24) reported that of 20 fatal cases of Laennec s 
cirrhosis, 40 per cent died withm 6 months There are hkevTse numerous case 
reports (194, 54 24, 276) of spontaneous recoveries m vhich patients hved 
years after the disappearance of ascites Although such instances are of interest, 

they are of hmited value from a statistical pomt of vievr In the present senes 
7 per cent had spontaneous diuresis inth the loss of ascites 
In general the medical hterature clearly reveals that the outlook is grave m 
Laennec s cirrhosis, particularly after ascites appears Hovever, m most 
instances the data have not been adequate for a fair estimate of prognosis m 
this disease Usually the senes have been too small for reSned analysis, and 
usually prognosis has been expressed m terms of “average duration of hfe ” 
It IS obnous that m a small senes of cases the “average duration may be influ- 
enced greatly by a fev cases at either extreme from the mode lakemse a 
bias IS mtroduced if prognosis is determmed from an analysis of fatal cases alone 
smce this excludes the possibihty of recovery m milder cases Por these rea- 
sons, the authors beheve that the present analysis affords a more accurate 
picture of the prognosis m Laennec’s cirrhosis 

CAUSE OF DEATH 

The causes of death m 213 patients djing of Laennec's cirrhosis are hsted m 
Table 21 Thirty-five per cent of these patients vrere said to have died of 
Iner failitrc or cholemia This is an ill-deSned state m vhich the symptoms of 
cirrhosis become mtensified The patient may become stuporous or dehnous, 
finally sinking mto coma Jaundice is usually, but not mvanably present 
Hcmaicmcs’s ivas the termmal episode m one-fourth of the patients m whom 
the cause of death was recorded Rarely death followed hematemesis m a 
patient apparently m good health Occasionally hematemesis comphcated 
and hastened death from cholemia 

Another one-fourth of the patients died of S€Condary in/ections In 22 of 
213 instances, there was a comphcatmg pneumoma and m 12, non-tuberculous 
peiitomtis Only 4 patients m this senes died of tuberculosis 

Eppmger (74) analyzed the cause of death m 135 patients who had cirrhosis 
Sixteen per cent were said to have died of gastro-mtestmal hemorrhages 16 per 
cent of “heart failure, 16 per cent m “coma ’ and 10 per cent of tuberculosis 
Thirty -seven per cent of 217 patients studied at autopsy by Evans and Gray (75) 
died of lobar or lobular pneumoma, 20 per cent of gastro-mt^tmal hemorrhage, 
and 12 per cent of “hver insufficiency Five of the patients m the latter 
senes were found to have thrombosis of the ponal vem 
There were 34 posi-opcraliic deaths m the present senes This represents an 
operative mortahty of 40 pier cent In 30 operations m which the only procedure 
V as omentopexy, there were 12 deaths withm a short post-operative penod 
White (297) su mm arized the early hterature deahng with the opera tn e therapi 
Oi cirrhosis, and found that 33 per cent of the 227 patients upon whom omento- 
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after the first hematemesis m these patients Forty per cent died Tvithm one 
month of this episode Indeed, most of these patients died within a week of the 
imtial hematemesis An additional 30 per cent died by the end of the first j ear 
Thereafter the slope of the cuiT’e is almost flat, mdicating that if the patient 
sumves one year after hematemesis there is a good chance of his sumnag 2, 
3, or 4 3’'ears Clmical obsen'ations bear this out There would seem to be 
a group of patients who died from hematemesis when other signs of hi er failure 
are promment, such as jaundice, ascites, and torpor In this group, the episode 
hematemesis appears suddenly as a coup de grace among these other signs of 
impending failure These patients largely comprise the 40 per cent who die 
shortly after the first hematemesis However, there remains a second group 

SURVIVAL AFTER FIRST HEMATEMESIS 



Cirrhosis 


of patients who m othei respects are \ugorous and in whom Laennec s cirr 
is latent and unsuspected imtil hematemesis occurs For such patien* 
hematemesis is a “vascular accident” which usuallj’’ is survived if trans ^ 
are prompt^ given In this latter group, hematemesis does not appea 
reflect a failure of hver parenchjuna, but rather a selective weakness m 

vascular structure _ 

In earher reports, cited by Patterson (194) and by Chapman, ^ 
Rowntree (54) the average life expectancy after the onset of ^ 
from 1 to 6 months In a senes of 38 cases RoUeston and IMcISee ^ 
an average life expectancy of 3 to 4 months after the onset of asci 
Hennkson (115) reported an average duration of 12 8 months in a ^ 
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1 A study -svas made of 3S6 patients -Ritli Laennec s cirrliosis of the liver in 
an attempt to understand the natural history of the disease The course of the 
disease vas analyzed tnth reference to the foUotvmg data antecedent factors, 
chief symptoms and signs, comphcations of cirrhosis, prognosis as to life after 
the development of specific agns. and causes of death The medical hterature 
pertaimng to th^e aspects of cirrhosis of the hver vras critically revieved 

2 Certain antecedent or pr edis pnsm cr fpr-frvpg <^opTn to be agmficant An 
increased madence of cirrhosis occurred m patients of Italian and Irish stock 
Hovever, there vas no convmcmg evidence of hereditary predisposition Char- 
acteristically Laennec s cirrhosis is a disease of late middle hfe (40 to 65 years) 
IMales acquire the disease about 2 to 3 tunes as often as females, a fact which 
probably is explamed by the higher mcidence of alcoholism m males Liquor 
handlers were the most frequent occupational group m this senes The history 
of alcoholism was ohtamed m 54 per cent and of syphilis in 16 per cent of the 
patients Dietary factors were discussed with reference to the frequency of 
cirrhosis of the hver m the Onent, and with reference to recent experimental 
and chmcal studies In view of these studies it seems possible that the high 
correlation between the mcidences of alcohohsm and cirrhosis may be due to 
co-existing nutnuonal defiaency The positive correlation between cirrhosis 
and malana and entenc fevers also may be due m part to nutntional factors 
mcident to these diseases The past history of acute hepatitis, of exposure to 
hepatotoxins, of diabetes meUitus, and of thyroid disease was ohtamed m a 
small per cent of cases As predisposmg factors, these appear to be of lesser 
unport 

3 The imtial s vmpto^ o f Laennec s cirrhosis usually were mdefimte The 
most characteristic symptoms were related to the abdomen and gastromtestmal 
tract such as abdommal sw ellin g and pam, anorexia nausea, vonutmg and 
flatulence "Weight los occurred m one-half the patients Hematemesis oc- 
curred m about one-quarter of the patients Hemorrhagic phenomena, espe- 
cially epistaxis, were observed commonly Dyspnea, probably related to ab- 
dommal distention was noted m one-fifth of the patients Changes referable 
to the gemtounnary tract such as nocturia frequency, and sexual disturbances 
occurred m a significant number of patients 

4 The c hief signs o f cirrhosis of the hver were asates, edema, jaundice pal- 
pable hver and spleen, fever and signs of collateral circulation Ascites, the 
most frequent of these was present m 7S per cent of the senes Penpheral 
edema was present m 61 per cent It was suggested from available evidence 
that the level of the serum albumin is the cntical factor m the formation of 
ascites and edema whereas portal hypertension appears to detemune the site 
of fimd transfer withm the abdomen Jaundice was a common sign, particu- 
larly durmg the tenmnal stages of the disease It appeared m 65 per cent of 
the senes The presence of jaundice, as shown by survivorship cun es, cames 
an ominous prognostic significance Although 75 per cent had pialpable hvers, 
the average weight of the hvers examined post-mortem was withm normal 
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peTies were performed died vnthjii the first month following the operahon 
This operative mortahty has not been lowered appreciably in recent year: 
Hughson (121) reviewed the records of 26 patients with cirrhosis who had been 
subjected to vanous operative procedures at the Johns Hopkms Hospital 
Sixteen patients were known to be dead at an average tune of 22 days following 
the operation Hennkson (115) studied the prognosis following operation m 
31 patients with cirrhosis Fifty-five per cent of these patients died witbin 
one month after operation 

The prognosis following omentopexy, should the patient survive the inihal 
post-operative penod, was at first considered to be better than without treat- 
ment White (297) m 1906 reviewed 227 cases of cirrhosis in which omentopew 


TABLE 21 

Cause of death in SIS fatal cases of Laennec’s cirrhosis 


CAUSE 

NT3IBEE or CASES 

PEE CES7 OF CASES 

"Cholemia” 

77 

36 2 

Hemorrhage (hematemesis) 

55 

25 S 

Post^operative 

34 

16 0 

including pentomtis 

3 


shock 

3 


strangulated herma 

2 


broncho-pneumoma 

1 


Pneumoma j 

22 

10 3 

Pentomtis, non-tuberculous 

1 12 

5 6 

Pulmonary edema 

7 


Post-paraeentesis 

5 


including pentomtis 

1 


shock 

1 


Cerebral hemorrhage 

4 


Bacteremia 

4 


Inamtion 

3 



Also 2 each — chronic pyelonephritis, convulsions, cardiac failure, erysipelas, 
rhage into peritoneal cavity, 1 each — phlebitis of portal vein, acute pancreatitis, e 
tion, epistaas, ruptured mesentenc variv, meningitis, mastoiditis 


had been performed Thirty-seven per cent of the patients were sa^d to 
been “cured” of ascites, and there was “improvement” m another 15 ^ 

Recent studies, however, mdicate that although improvement maj^ be no 
mdivudual mstances, the average prognosis of patients with cirrhosis ^ . 

materially changed by’’ operative therapy In Hughson’s senes (12 )> 

26 patients was kaovm to be alive m good health y’’ears after opera 
his hver had not been inspected at that tune Hennkson (Ho) ^onths, 

the average duration of hfe foUo-wmg operation m 31 patients was only’’ m 
and concluded that one should “hesitate to perform operations nsidered 

who present the best risks ” Eowntree, Chapman, and Snell (23 ) ^ 

the results of surgical therapy to be no better than those of medica ^ 

This conclusion seems justified on the basis of the data presen e 
m the hterature 
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liimts ApparentI}’' the palpabihtj’' of the hrer depends on other factors a 
■vrell as size, such as densit}’’ of the organ and resistance of the abdomen to pal- 
pation The spleen, palpable in one-half the cases during life, is enlarged in 
about 80 per cent of cases at autops}’’ Vascular changes occumng m patienh 
■with cirrhosis were of two general tjTies, namely those resultmg from bad 
pressure \nthin the portal venous system (hemorrhoids), and those resulting 
from changes m the smaller artenes (vascular spiders) Signs referable to the 
cardiorespirator}’' sj'stem, such as cyanosis, clubbed fingers, and hydrothorax 
were discussed The high mcidence of peripheral neuritis and of mental changfc 
m patients mth cirrhosis appears to be due to coexisting nutritional deficiency 
Fever, a sign not popularlj’’ associated with cirrhosis of the hver, xxas prfecnt 
m 24 per cent of this senes 

5 The chief comphcations of cirrhosis m this senes were mtercurrent infec 
tion, anemia, abdommal henna, peptic ulcer, and portal vem thromboa^ 
Tuberculosis occurred clmically m onlj’^ 4 of 386 patients 

6 The prognosis is grax’'e m cirrhosis of the hx^er once signs of decompensa 
tion hax'e appeared, such as ascites, jaundice, and hematemesis After the 
onset of ascites 47 per cent surxwed 6 months and only 32 per cent sum'cd 
one j’^ear The spontaneous loss of ascites occurred m about 7 per cent of the 
cases After the onset of jaundice, 44 per cent hved 6 months and 26 per cent 
hx’’ed one y^ear After the first hematemesis, 45 per cent hved 6 months, an 
28 per cent hved one year 

7 The chief causes of death m this senes were cholemia, hematemesis, pos 
operative comphcations, pneumoma, and mtercurrent infections 
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I INTRODUCTION 
A Purposes 

Clubbmg of the fingers and toes is a familiar clinical phenomenon, the nature 
of which has always been obscure Hypertrophic osteoarthropathy, although 
seen less frequently than simple clubbmg, has been the subject of numerous 
mvestigations designed to throw hght on its pathogenesis It is the purpose 
of this review to present aU the accumulated data on these subjects m a manner 
that will clarify a new pomt of view 

B Htslory 

Cumng of the finger nails was first descnbed m a case of empyema hy Hippoc 
rates (126) m the fifth century B C Except for occasional casual commen s 
(73), the phenomenon was not discussed until 1832 when Pigeaux ( 236 ) ^to e 
detailed descnption of clubbed fingers which he found associated erne j ^ 
pulmonary tuberculosis In 1889, von Bamberger (15) reported severa ca. 
of a bone malady, preceded and accompamed by clubbmg, and deve oping m 
course of certam diseases of the lung and heart In 1891 (16), he presen 
classical descnption of the new syndrome In 1890, Mane (191), m 
hensive treatise, distmguished this bone disease from acromega y wi 
it had been confused (80, 87) 


C Names 

These workers and many others proposed various names 
now as clubbmg and hypertrophic osteoarthropathy Among the na 
for simple clubbmg were watch-glass nails (177), parrot-beak nails i 
stick fingers (70, 73), serpent's head (89) or 

Hippocratic fingers (19, 21, 29), essential dactylomegay ( ), .g^ms 

acrodactylopathy (53), and club or clubbed fingers (71, , nbed 
were denved from vanations m the pathological anatomy of club g 

more fully below ns hiner- 

Sunilarly, xmnous names were pioposed for the disorder now j,eferred 

trophic osteoarthropathy The foUowers of Mane and von am 
to It as IMane’s disease (65), Bambergei-lMane s disease ( ) , ^ere 

berger syndrome (287) Other terms proposed but m ge 
toNigemc osteoperiostitis ossificans (289, 2i5), ^j^perplast'^ 

hjperplast.ca (8, 189, 275, 321), LteopaltJ 

or hypertrophic osteopathy or osteoarthropathy (54, 51, 

(27)^, ostoarftiopathy (133). secoadaT (179), 

Lteoarthropathy (230, 337) or osteopathy (282), penphera yp 
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osTeoartkropatiiy deformans (245) hypertrophic-poronc osteo-penostitis (2*5) 
osteopathy dysplastica (ISS), pachypenostosis (307), acromehc ensheathmg 
penostosis (15S) or simply ensheathmg osteitis (251) benign tuberculous rheu- 
matism (253), subacute tuberculous osteoarthritis (245), infectious hypertrophic 
osteoarthritis (72) and pulmonary hypertrophic osteoarthritis (241) Acro- 
pachy (73, 129, 275 303) tvas used as a term to designate either clubbmg alone 
or with bone mvolvement A somewhat cumbersome expression suggested for 
the same purpose was acroelephantiasis ossea sive molle (313) The onginal 
name apphed by Zviane to the bone manifestations of clubbmg was pulmonary 
hvpertrophic osteoarthropathy (191) The term pulmonary was dropped when 
It became apparent that diseases other than those of the lung could produce the 
condition Thenceforth, the bone lesions were called either secondary hyper- 
trophic osteoarthropathy (192) or simply hypertrophic osteoarthropathy (65, 
S3, 107, 135) 

D Defimltms 

Clubbmg of a finger or toe may be defined as a usually painless, uniform en- 
largement confined to the terminal segment Hypertrophic osteoarthropathy 
is an extension of the process of clubbmg to more and more proximal parts of the 
extremities It takes its name from the stnking enlargement of the bones caused 
by the deposition of new-formed periosteal bone and from the accompanymg 
joint disorders 


n ct-ASsmcATiox 

The TarietiK of clubbmg may be divided mto three mam groups symmetrical, 
mvolvmg all the fingers and toes, unilateral, mvolvmg the fingers or toes of only 
one extremity and umdigital, mvolvmg only one finger Symmetncal clubhmg 
may be further subdivided mto hereditary and acquired and the latter accordmg 
to its relation to the underlymg disease pulmonary cardiac, hepatic, gastro- 
mtestmal, miscellaneous or doubtful Hypertrophic osteoarthropathy may occur 
as a feature of any of the varieties of clubbmg or may be apparently idiopathic 

A Acquired sqmmeirical duhbing 

1 Pulmonary Symmetncal clubbmg may occur m almost any vanety of 
pulmonary, pleural, or mediastinal disease It is co mm on and most pronounced 
m chrome suppurative conditions such as bronchiectasis (5, 245, 327), pulmonary 
abscess (141, 234, 245) and empyema (204 245, 2S4, 297, 322) It is seen less 
frequently m pulmonary tuberculosis (32 33, 34, 309, 337) and usually m the 
protracted cas« I have seen it develop, however m as short a tune as three 
months m a case of pulmonary tuberculosis with symptoms of activirv for onlv 
SIX months (194) Clubbmg may occur m any condition which produces a 
chrome pneumomtis such as pneumonocomosis (30), atelectasis because of 
mtrabronchial obstruction (245), or external compression of the lung by chest 
deformities Such deformities may be produced by Pott s disease (9 32 107, 
123, li9, 1S5, 31 1 , 320, 32S), rickets (S9 2S7, 313), crushing mjunes of the 



270 


iULTOX SDENDLO-nTTZ 


F Ano'ac 
G iliscellaneous 
H Eclectic 
I Future 
EC Summary 


291 

291 

292 

292 

293 


I IXTRODtrCTION 
A Purposes 

Clubbmg of the fingers and toes is a familjar clinical phenomenon, the nature 
of -which has always been obscure Hjiiertrophic osteoarthropathy, although 
seen less frequently than simple clubbmg, has been the subject of numerous 
mvestigations designed to throw hght on its pathogenesis It is the purpose 
of this renew to present all the accumulated data on these subjects m a manner 
that -will clarify a new pomt of view 


B History 

Curnng of the finger nails was first descnbed m a case of empyema by Hippoc- 
rates (126) in the fifth century B C E-^cept for occasional casual comments 
(73), the phenomenon was not discussed until 1832 when Pigeaux (236) wrote a 
detailed descnption of clubbed fingers which he found associated chiefly -with 
pulmonary tuberculosis In 1889, von Bamberger (15) reported several cases 
of a bone malady, preceded and aceompamed by clubbmg, and developmg m the 
course of certam diseases of the lung and heart In 1891 (16), he presented a 
classical descnption of the new syndrome In 1890, Mane (191), m a compre- 
hensive treatise, distmguished this bone disease from acromegaly -with which 
it had been confused (80, 87) 


C Names 

These workers and many others proposed vanous names for what we know 
now as clubbmg and hypertrophic osteoarthropathy Among the names used 
for simple clubbmg were watch-glass nails (177), parrot^beak nails (89), drum- 
stick fingers (70, 73), serpent’s head (89) or clock pendulum fingers (19, 222), 
Hippocratic fingers (19, 21, 29), essential dactylomegaly (66), hjqiertrophic 
acrodactylopathy (53), and club or clubbed fingers (71, 177, 182) These terms 
were denved from vanations m the pathological anatomy of clubbmg descnbed 
more fully below 

Similarly, vanous names were proposed for the disorder now knoivn as hj^ier- 
trophic osteoarthropathy The followers of Jlane and von Bamberger referred 
to it as ilane’s disease (65), Bamberger-iMane’s disease (18) or the jSlane-Bam- 
berger syndrome (287) Other terms proposed but not m general use were 
toxigemc osteopenostitis ossificans (289, 275), penostitis, osteitis or osteosis 
hjqierplastica (8, 189, 275, 321), generalized osteophytosis (61), hj-perplastic 
or hypertrophic osteopathy or osteoarthropathy (51, 57, 79), chrome osteopathy 
(27) or osteoarthropathy (133), secondaiy osteoarthropathy (123) or simply 
osteoarthropathy (230, 337) or osteopathy (282), penpheral hyperostosis (179), 
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osteoartkropatliy defonnans (245), hypertrophic-porotic osteo-penostitis (255), 
osteopathy dysplastica (ISS), pachypenostosis (307) acromehc ensheathmg 
penostosis (15S) or sim ply ensheathmg osteitis (251), benign tuberculous rheu- 
matism (253), subacute tuberculous osteoarthntis (245), infectious hypertrophic 
osteoarthritis (72) and pulmonary hypertrophic osteoarthritis (241) Acro- 
pachy (73, 129, 275, 303) ivas used as a term to designate either clubbing alone 
or urth bone mvolrement A someirhat cumbersome expression suggested for 
the same purpose was aeroelephantiasis ossea sive moUe (313) The original 
name apphed by ^lane to the bone manifestations of clubbmg tvas pulmonary 
hj^ertrophic osteoarthropathy (191) The term pulmonary tvas dropped Trhen 
it became apparent that diseases other than those of the lung could produce the 
condition Thenceforth, the bone lesions tYere called either secondary hyper- 
trophic osteoarthropathy (192) or simply hypertrophic osteoarthropathy (65, 
S3, 107, 135) 

D Defimiions 

Clubbmg of a finger or toe may be defined as a usually painless, uniform en- 
largement confined to the termmal segment Hypertrophic osteoarthropathy 
IS an extension of the process of clubbmg to more and more proximal parts of the 
extremitiK It takes its name from the striking enlargement of the bones caused 
by the deposition of neiv-formed periosteal bone and from the accompanymg 
joint disorders 


n CLASSmCATIOH 

The varieties of clubbmg may be divided mto three mam groups symmetrical, 
mvolvmg all the fingers and toes, unilateral mvolvmg the fingers or toes of only 
one extremity, and umdigital, mvolvmg only one finger Symmetrical clubbmg 
may be further subdivided mto hereditaiy and acquired and the latter accordmg 
to its relation to the underlymg disease pulmonary, cardiac, hepatic, gastro- 
mtes ti nal, miscellaneous or doubtful Hypertrophic osteoarthropathy may occur 
as a feature of any of the varieties of clubbmg or may be apparently idiopathic 

A. Acquired symmetrical dubbing 

1 Pulmonary Symmetrical clubbmg may occur m almost any vanety of 
pulmonary, pleural, or mediastmal disease It is common and most pronoimced 
m chrome suppurative conditions such as bronchiectasis (5, 245, 327), pulmonary 
abscess (141, 234, 245) and empyema (204, 245, 254, 297, 322) It is seen less 
frequently m pulmonaiy' tuberculosis (32 33, 34, 309, 337) and usually m the 
protracted cases I have seen it develop, however m as short a tune as three 
months in a case of pulmonary tuberculosis with symptoms of activitv for onlv 
six months (194) Clubbmg may occur m any condition which produces a 
chrome pneumomtis, such as pneumonocomosis (30), atelectasis because of 
mtrabronchial obstruction (245), or external compression of the lung by chest 
deformities Such deformities may be produced by Pott s disease (9 32, 107 
123, 1/9, 1S5, 31/, 320, 32S), rickets (S9, 25/ 313), crushing mjunes of the 
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chest (233), poliomyelitis (194), paralysis of the diaphragm (134) or diaphrag- 
matic pleurisy (245) Kyphoscohosis may be secondaiy to a primary thoracic 
disease capable of producmg clubbing, such as empyema (284, 336) The end 
results, consequently, of some of these conditions may be difficult to distmguish 
from one another In those cases m which “Ayerza’s syndrome” is due to a 
chrome pneumomtis (10, 245), clubbmg is common, whereas, m genume cases of 
pulmonary endartentis ^62, 260), it is rare It is occasionally seen in emphy- 
sema (274) but usually because of associated bronchitis or bronchiectasis 
Clubbed fingers have also been reported m pulmonary syphilis both congenital 
(279) and acquued (211, 243, 245, 271), m actinomycosis (335), and m hydatid 
cyst of the lung (162, 302) They are seen rarely m congemtal cystic disease 
(162, 206) and m chrome passive congestion of the lung (71, 81, 185, 305) 
Clubbmg IS also rare m acute pulmonary infections such as lobar pneumoma 
(324) or bronchopneumoma (162, 267) It is of mterest that clubbmg may also 
occur m the eiythrenua of high altitudes (17) and that it subsides together with 
the other manifestations of this disease if the patient returns to sea level (205) 
Clubbmg due to other causes may become exaggerated if the patient is brought 
to a high altitude (316) 

Clubbmg IS frequently found m aU types of primary bronchial, pulmonary, 
mediastmal (232), and chest wall neoplasms Among these are bronchogemc 
caremoma (251, 266, 295), caremoma of the thymus (202), lymphosarcoma 
(268), mahgnant mediastmal teratoma (276), neurmoma (160), pleural fibroma 
(97), sarcoma of the thoracic vertebrae (148), etc It is veiy common m pul- 
monary hemangioma (237, 254) and is also seen m Hodgkm’s disease mvolvmg 
the lung or mediastmum (48, 229) Clubbmg is also occasionally observed 
m cases of pulmonary metastases from extra-pulmonary neoplasms The 
primary tumor may be caremoma of the breast (45, 150), adrenal (250), phaiynx 
(253) or parotid (140), or a sarcoma, especially of the bone (41, 57, 233, 321) 

In cases of aortic aneurysm m which the effect of the aneurysm is similar to that 
of an expandmg mediastmal tumor, symmetneal clubbmg is also found (156) 

0 Cardiac Certam diseases of the heart are also associated with clubbmg 
In congemtal heart disease with cyanosis it is very common (16, 109, 270, 274, 
277, 316, 326) and frequently pronounced It is not seen m congenital heart 
disease without cyanosis, unless compheated by another disease such as sub- 
acute bactenal endocarditis or bronchiectasis (194) Clubbmg is not uncom- 
mon m subacute bactenal endocarditis (16, 58, 96) In most of the reported 
cases, the lesions are confined to the left side of the heart (120) causmg no large 
embohe foci m the limgs Clubbmg may be the first sign of subacute bactenal 
endocarditis and its detection may therefore lead to the diagnosis (95) It has 
also been reported m one case of so-called acute bactenal endocarditis (11/) 
The organism found, however, was streptococcus mndans Clubbmg is rarely 
seen m the bactena-free stage of subacute bactenal endocarditis (172) It is 
seen occasionally m chrome congestive heart failure (71, 185), the usual lesion 
beme mitral stenosis (81, 305) I have also seen it develop m a case of conges- 
tive heart failure due to Graves’ disease (194) Clubbed fingers v ere reported 
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m one very unusual case of myxoid tumor of the nght auncle ansmg from the 
mterauncular septum (55) 

S Hepatic Cluhbmg is also found associated vrith diseases of the hver (81, 
291) It IS qmte co mm on m that rare form of bdiary cirrhosis called hjqier- 
trophic, cholangiohbc, or Hanot’s (34, 51, 85, 100, 216, 230, 255) One author 
thought the enlarged hver compromised the lung (100), but there are many cases 
■without demonstrable p ulm onary mvolvement It is less frequently found m 
toxic cirrhosis (11), m bihary cirrhosis due to bile duct obstruction (255) and 
IS rare m portal cirrhosis (255) A case of hemochromatosis (245) -with second- 
ary cirrhosis of the hver has been reported with clubbed fingers Another case 
of clubbmg has been reported secondary to the cirrhosis of the hver and sple- 
nomegaly of chrome malaria (1) Cases of clubbmg secondary to amyloidosis 
(224, 245, 280, 325) mvolnng the hver and spleen have also been described 
In these cases the amyloidosis was caused bj* either chronic osteomj-ehtis or 
pulmonary tuberculosis and it is difficult to determine whether the cause of the 
clubbmg was the amyloidosis or the original infection 

4 Gastro-inteeUnal Clubbed fingers are also found m many abdonunal con- 
ditions, most of which are accompanied by chrome diarrhea (299) Among these 
are chrome non-specific ulcerative cohtis (196, 209, 269), chrome bacdlary (196, 
224) or amoebic (39, 165, 291) dj-sentery, regional ententis (196), mtestmal 
tuberculosis (194, 224), multiple polyposis of the colon (23, 40), neoplasm or 
Hodgkm s disease of the small mtestme (194), and rarely, caremoma of the colon 
(194) It is also frequentlj- obseived m cases of idiopathic steatorrhea (cehac 
disease (82), sprue (22, 146)) The Dutch have also described clubbmg as a 
feature of so-called enterogenous cyanosis (52, 125, 293) In the cases with 
clubbed fingers, however, there was always an associated cohtis, which may 
itself produce clubbmg m the absence of methemoglobmemic cyanosis Methe- 
moglobmemia alone is usually not associated with clubbmg (24) Several 
cases of clubbmg are also reported secondary to pylonc obstruction and gas- 
trectasia (70, 145, 224, 241, 273, 330) caused either by a duodenal ulcer or a 
caremoma of the pylorus In these cases the clubbmg may recede after gas- 
tro-enterostomy or partial gastrectomy Clubbmg has also been seen m ascans 
infestation to subside follo'wmg ehmmation of the worms (60) 

5 Miscellaneous Isolated reports have appeared on symmetncal clubbmg 
m conditions other than those already discussed For example, several cases 
are on record of the development of clubbmg foUowmg thyroidectom 3 ' for Graves’ 
disease (62, 74, 194, 303) In one of these cases there was also hypertrophic 
osteoarthropathy (303) Clubbmg is rare m spontaneous myxedema and cre- 
tinism (73, 224, 245) A remarkable case (187) is reported m which clubbmg 
developed m the course of a generalized febnie lUness fallmg mto the categoiy- of 
purpura rheumatica The clubbmg receded -with the patient’s reco\ eiy 
Another observer (190) reports clubbmg m a case of chrome cj-stopvehtis m 
which it waxed and waned -with the acti-ntj- of the underh-ing disease 

6 Doubtful In addition to these apparently authentic cases, clubbmg has 
been reported m some diseases m which the relationship is doubtful It has 
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been descnbed, for example, m pnmaiy polycythemia (64, 162, 224, 245, 256) 
It IS possible that these were really cases of secondary polycythemia due to con- 
gemtal heart disease or chrome pneumomtis, m both of which clubbmg is com- 
mon In polycythemia vera, clubbmg, if it occurs at all, is extremely rare It 
is well known also that syrmgomyeha is sometimes associated with vasomotor 
and sudomotor disturbances resultmg m the so-called “mam succulente” of the 
Monmn variety of the disease (208) The entire hand becomes enlarged rather 
than the ends of the fingers (130) In addition, ulcerations and mflammatoiy 
changes m the finger tips and traumatic penostitis of the bones (308) serve fur- 
ther to confuse the chmeal picture Occasionally, nevertheless, clubbmg is 
unquestionably associated with this disease (33, 277) A smgle case (181) of 
leprosy with clubbmg m which some of the fingers were more involved than others 
is also reported In such cases, it is difficult to exclude the effect of chest de- 
formities or of sdent or unrecogmzed puhnonaiy disease The same comment 
might be made of an isolated case of Raynaud’s disease (184), one of scleroderma 
(42), one of aciocyanosis (37), and one of chilblains (212), aU with clubbed fin- 
gers I have observed a case of Raynaud’s disease with clubbmg m which there 
was sdent unrecogmzed bronchiectasis (194) Isolated reports of rheumatic 
fever (51) or chrome nephntis (51) with clubbmg must also be placed m the 
same category Occasionally such cases are found to be unrecognized subacute 
bacterial endocarditis The authenticity of all cases of this kmd can only be 
estabhshed by uneqmvocal corroboration of the diagnosis by objective means or 
by autopsy, and also by the mcrease and decrease of the clubbmg with the ac- 
tmty of the imderlymg disease Mere comcidence m isolated cases is not suf- 
ficient evidence of a causal relationship The absence of pulmonaiy disease 
as determmed by x-ray, bronchogram, and if possible, bronchoscopy, as well 
as the absence of clubbmg m any of the relatives of the patient, is valuable nega- 
tive evidence 


B Hereditary symmetrical clubbing 

Clubbed fingers may occur m otherwise healthy people (34, 74, 132, 246, 
261, 272, 275) and has sometunes been called famdial clubbmg (210) although 
this term also apphes to clubbmg which appears m famihes with tuberculosis 
(32, 74) Congemtal clubbing (170, 215, 324, 332) is a misnomer smee it has 
been shown that the abnormahty is inherited as a Mendelian dommant trait 
(132) A better term, therefore, is hereditaiy clubbmg This has been reported 
m twins (227) and may be found m association with other hereditary condi- 
tions KoUants (147) has observed a case with pseudo-hypertrophic muscular 
dystrophy, and I have obsen-ed a sunilar case (194) Here, the question some- 
tunes ans^ as to what part associated chest deformities due to muscular un- 
balance play m the production of the clubbmg It is also possible that penph- 
eral circulatory disturbances due to the muscular dystrophy play a part m the 
genesis of the clubbmg It is most likely, hovever, that these are merely in- 
stances of associated hereditary anomahes 
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C Uiulateral clubbing 

TTie cases of unilateral clubbing form an interesting group The most com- 
mon cause of this is aneurysmal dilatanon of either the arch of the aorta (105, 
136, 200, 225, 245, 29S), the innominate (27, 86, 113, 119, ISO), or the sub- 
clavian artery (19, 21, 26, 75, 108, 118, 200 213, 218, 238, 239, 2-80, 298) H 
both subclavian arteries (98) are mvolved one may then observe bilateral 
clubbmg of the upper extremities This must be distmguished from ordmaiy 
symmetrical clubbmg observed m some cases of aortic aneurysm simply because 
of an expandmg mediastinal mass (156) A smgle case (249) of unilateral club- 
bmg has also been reported in associafaon vrith a brachial arteno-venous an- 
eurysm ^lost cases of arteriovenous aneurysm, acquired (168) or congemtal 
(193), however are not accompamed by clubbmg, although they may produce 
enlargement and mcrease m length of the entire extremity An mterestmg 
case of unilateral clubbmg involvmg aU the fingers and accompanymg phlebec- 
tasia and venous varicosities of the involved extremity was reported by Souques 
(281) I reported a s imil ar case (195), except that the thumb, mdex and middle 
fingers were more markedly clubbed than the other two The status of the 
artenes m these cases was not known. A case of unilateral clubbing has been 
reported as a sequel of recurrent subluxation of the shoulder (143), and, m 
another case, of subluxation of the shoulder caused by an axillary tumor (244) 
Here agam the status of the axiUary artery was unknown Cases of unilateral 
clubbing (195, 244) have also been reported m association with carcmoma of 
the apex of the lung mvolvmg the sympathetic ganglia (so-called Pancoast 
tumors (226)) In this connection, apical tuberculosis (224) and occasionally 
empyema (110), by traction and pressure on the nerves passmg over the apex, 
may apparently mcrease the clubbmg on the side mvolved ^loebius (203) 
reported an mcrease of the clubbmg of the fourth and fifth fingers of one hand 
m a case of symmetrical clubbmg due to pulmonary disease, m which the patient 
developed an ulnar neuritis ^lajdracoff (186) descnbed a similar case m which 
only the thumb was mvolved 2^Iaury and Duhrmg (193) also reported a case 
of bilateral clubbmg m which it was more pronounced on the side of a comciden- 
tal neuroma of the brachial plexus After resection of tlu^ neuroma the nail 
growth on the side of the previous tumor became slower than on the other side. 
A case of unilateral clubbmg with erythromelalgia of the correspondmg hand has 
also been reported (69) Unilateral clubbmg and hypertrophic osteoarthro- 
pathy of a lower extremity have been seen secondary to hunphangitis (142) 

D Umdtgilal dubbing 

Cases of umdigital clubbmg (322) have also been descnbed. The first such 
case was reported by Ogle m 1865 (219) The clubbmg developed after a blow 
on the arm which apparently mjured the median nerve Sumlar clubbms has 
appeared after local trauma to the finger (162) Umdigital clubbmg has been 
reported to occur m Boeck s sarcoid (162), m felons (162), and m tophaceous 
gout (162) Many conditions mvolvmg the fingers, however, such as gout, 
osteoarthntis with Heberden’s nodes, scleroderma, Raynaud s disease, brachy- 
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dactyly, etc are accompanied by trophic changes and bony deformities which 
must be carefully distmgmshed from true clubbmg Bilateral umdigital club- 
bmg, especially of the thumbs, is hereditaiy (214) 

E Clubbing imth hyperirophic osteoarthropathy 

Although it was at one time thought that clubbmg and h 3 ^ertrophic osteoar- 
thropathy might be mdependent phenomena, (28, 171) it is now generally recog- 
nized that the bone changes anse from the same causes as the clubbmg and 
represent a more advanced stage of the process Hypertrophic osteoarthro- 
pathy, however, is considerably less common than simple clubbmg It was 
at one tune confused with acromegaly (80, 87, 286) although the two diseases 
may very rarely coe-ost (259, 265) It is most often, like clubbmg, found with 
chrome pulmonary diseases such as lung abscess (234), tuberculosis (3), broncho- 
gemc caremoma (59) and bronchiectasis (16) Hypertrophic osteoarthropathy 
has also been described by vanous observers to occur m the rat (296), the dog 
(12, 122), the horse (14, 173), and even the hon (14), usually m the wake of a 
chrome pulmonary infection, most commonly tuberculosis (173), or of a pul- 
monary neoplasm, spontaneous (122) or experimental (296) The occurrence 
of h 3 T)ertrophic osteoarthropathy, however, is not confined to pulmonaiy dis- 
eases It may be found m any condition with which clubbmg is associated, 
such as congemtal heart disease (16, 274), cirrhosis of the hver (85, 216, 230, 
291), chrome diarrhea (224, 291, 299), etc Bone changes may occur m heredi- 
tary (210, 246, 264, 275, 319) and even m unilateral (75) clubbmg, but whether 
they are m every case characteristic of hypertrophic osteoarthropathy is dis- 
putable 

F So-called idiopathic clubbing and hypertrophic osteoarthropathy 

There is a group of cases m which clubbmg with or without bone changes has 
been reported to appear m the absence of any ascertamable cause (4, 20, 92, 164, 
217, 221, 247, 282, 290, 301, 322, 333) These cases may be dimded mto several 
categones In the first, are cases of hereditaiy clubbmg unrecogmzed as such 
(68) In the second, are cases of silent puhnonaiy lesions, such as bronchiec- 
tasis or neoplasm, m which the clubbmg and bone changes are the first and out- 
standmg manifestations of the disease (57) In the thud group (6, 7, 46, 90, 
134), there are several cases m which no endence of anj’^ underljung disease 
appears for years despite the presence or progressive development of the clubbmg 
and of the hypertrophic osteoarthropathy No such case has been reported 
with an adequate autopsy record (178), and the underlymg cause of these changes 
must therefore remam obscure 

m CLIMCAL FEATURES 

A Onset 

Clubbmg as well as hypertrophic osteoarthropathy may begm at any age 
It IS desenbed m infants (84, 133, 313) and m the veiy old (301) The sex 
distnbution of clubbmg depends on that of the underlymg diseases Because 
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of tlie prevalence of pulmonary tuberculosis, ivlucb is more common m females, 
clubbmg vas formerly seen more often m women than m men (36, 236) With 
the decreased mcidence of pulmonary tuberculosis, however, the reverse is now 
found (233) Clubbmg is usually so gradual m onset that the patient seldom 
becomes aware of any change m his fingers or toes until it becomes very pro- 
nounced, or, more commonly, until it is observed by a physician The changes 
may take years to dei elop, or, more rareli*, they may appear withm one week 
(245) of the onset of the underljmg disease 

B Syinpioms and signs of dubbing 

Clubbmg IS rarely accompamed by any subjective symptoms A feehng of 
warmth, excessive sweatmg or a burning sensation (194) may be expenenced in 
the finger tips In very acute clubbmg, there may be pam (310, 323), although 
this IS very unusual Occasionally, pam may be caused by comcidental paro- 
nychia (194) One patient regularly noticed a vesicular eruption along the 
finger tips at the tim e, of exacerbation of the clubbmg and of his underlymg 
lung abscess (194) Patients also occasionally notice mcreased rapidity of 
growth of the nails (318), cuticles (194), or both In most instances, however, 
simple clubbmg is qmte asymptomatic (236) 

Although clubbmg concerns all the tissues of the fingertips it is usually first 
detected because of thickenmg of the fibro-elastic tissue of the nail bed (8, 81) 
Or dinar ily, the plane of the proximal portion of the nail makes an angle of 
about fifteen degrees with the dorsal plane of the bone (182) This angle may 
be obscured by the pushed-back eponychium or by a paronychium (182), but 
the plane of the bone may be determined by a rectihnear distal projection of 
the dorsal plane at the knuckle with the distal phalanx flexed, the finger tip 
bemg viewed from the side (194) There are great variations m the degree of 
sagittal cuivature of the nail itseK, and occasionally exaggerated curvature 
will be mistaken for clubbmg (194) This error cannot be made, however, if a 
normal angle between the plane of the nail root and that of the bone is obsen'ed 
A decrease m that angle is the first sign m clubbmg (182) If it becomes ob- 
hterated or negative the clubbmg is usually manifest 
Various chmcal forms of clubbmg have been described and it is now apparent 
that these variations are not attributable to diSerent imderlymg diseases or 
mechanisms as was ongmally thought (64, 230), but rather to differences m 
the mitial anatomy of the finger tips and m the degree of clubbmg In early 
clubbmg, for example, there may be uniform thickenmg of the nail bed tissue 
without much tilting of the base of the nail (“watch-glas” type) (177) If the 
nail IS naturally tapermg and firmly fixed laterallj- to the underljung tissue, it 
may assume an exaggerated lateral and longitudinal convexitj' together with 
dorsal basal tiltmg (“parrot-beak ’ type) (89) If there is a hjiierplasia of the 
other tissues of the finger tip so that it becomes bulbous and lai^r m circum- 
ference than the second phalanx, the name, “drumstick finger, ’ (70, 73) is 
apphcable There are many variations of this relatn ely advanced stage For 
example, there may be marked tiltmg of the nail without much thickenmg 
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and even with atrophy of the volar portion of the finger tip (194), or conversely, 
a pronounced increase m the size of the volar pad mthout commensurate change 
m the nail bed (44), although these are rare fonns The mcrease in size may be 
greater anteropostenorly or laterally In the latter instance, the terms, “ser- 
pent’s head” (89) or “clock-pendulum” (19, 222) fingers, have been apphed 
There may be thickenmg of the entire finger as well as of the tip if there is a 
hypertrophic osteoarthropathy mvolvmg the phalanges The French use the 
term, Hippocratic fingers (19, 21), genencally, although Hippocrates wrote 
only of curving of the nails (126) The expression, club or clubbed fingers 
(62, 71, 182), has been denved from the relatively advanced form, and has been 
commonly extended to apply to aU vaneties 

In addition to the mcrease of the area as well as the thickness of the nail bed 
in clubbmg, there is a correspondmg mcrease of the area and thickness (81) of 
the nail itself mcludmg the portion beneath the eponychium (8, 317) The 
nail tends to be more resident (317), especially at its base This is usually more 
prominent in early than m late clubbmg and m young rather than m old people 
(194) The longitudmal ndgmg of the nail is frequently exaggerated m club- 
bmg (81) and the nail may become very brittle (317) In rare instances, it may 
develop an irregular pigmentation and roughenmg of its surface (194) One 
case (53) of complete necrosis of aU the nails is reported It is difficult to deter- 
mme whether some of these features are part of the phenomenon of clubbmg or 
are added x'^anants due to the presence of a generahzed debihtatmg disease or 
of local infection Because of their increased rate of growth (194, 295, 318), the 
nails usually require more frequent fihng or chppmg The mcreased size of the 
eponychium and adjacent skm covermg the posterior surface of the nail tends 
to obscure whatever portion of the lunula was nsible before the onset of the 
clubbmg (34, 81) The mcreased rate of growth of the cuticles, especially if 
they are not pioperly cared for, cause hang-nails to be formed very readily 
(261) These may become mfected (194), so that acute and especially chronic 
paronychia are not mfrequently found m clubbed fingers All the fingers of 
both hands may be involved, although it is more usual to see only one or two 
fingers affected 

The changes m clubbmg are rarely confined to the nads The skm over the 
base of the nail and ox’^er the volar surface of the distal phalanx is often flushed 
a bnght pink (89) This flush also involves the nail bed and may unpart a lose 
red color to the nail (191) It is more ex-tensive and brighter than that fre- 
quently seen m normal fingers and may contrast sharply xnth the pallor of the 
remainder of the finger (194) As m normal fingers, the flush tends to fade and 
become cyanotic xxhen the fingers are cool (194) Because of underlymg de- 
bihtatmg disease, some of the patients xvith clubbed fingers are poorly nounshed 
and susceptible to cold Their fingers, therefore, may appear cooler at tunes 
than normal (270) In such fingers, as m normal cool fingers, blanching of the 
flush by pressure xwll become obhterated x^ery slowly, but this is hardly, as one 
author beheved (93), a fundamental characteristic of clubbing The flush may 
appear cyanotic, also, m the presenceof aitenal anoxemia (194) Itmaybe less 
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prominent if the pitient is anemic (194^ It may appear m the earhest stages 
of clubbing, and does not necessanlj^ become more pronounced as the clubbing 
advances (194) The slnn over the base of the nail may become thm and shmy 
and somewhat more tightly stretched with obhteration of the usual creases 
(194) Because of the bulbousness of the volar pad, especially m long standmg 
cases and m patients m the growmg 5'ears, as m congemtal heart disease, the 
exigencies of use (194) may brmg about dorsiflexion of the distal phalanges with 
hyperextensibihty (163, 245, 317) of the distal phalangeal jomts Some ob- 
seri’ers haie noted an apparent merease m the length of the elubbed fingers 
especially m the growmg child, although this is very difficult to prove (64, 185) 

Except m unilateral cases, clubbing of the toes develops nearly always pan 
passu with clubbmg of the fingeis (162) Because, however, of the greater 
vanation m the shapes of the toes, as well as the greater frequencj- of deformities 
due to shoes, clubbmg of the toes is more difficult to recogmze, especially m its 
early stages (194) Normal toes, moreover, frequently appear clubbed (162) 
Early clubbmg is perhaps best recogmzed m the big toes ( 317 ) where the distal 
phalanx is more nearly like that of the fingers Defimte evidence of clubbmg, 
except m the advanced cases where the changes are obvious, can only be ad- 
duced from successive measurements of the area or diameters of the toe nails 
Clubbmg of the nose, ears, ej'ehds, and malar region are mentioned by several 
authors (38, 144, 163, 304, 322), although obnous anatomical considerations 
make it verj* difficult to be sure of the development of such clubbmg m any given 
case 

Hereditarj* clubbmg differs from the other forms m that it may mvolve the 
different fingers or toes m varymg degree (132, 196, 324) Some of the fingers 
may be spared and only two or three fingers of each hand sjonmetncally mvolved 
The thumbs are nearl3' always mcluded among the clubbed fingers (132) Thei- 
maj' be the only fingers affected (214), m which case the clubbmg must be 
distmguished from hereditarj* brachydactylj' of the thumbs (162) The toes 
are also usually mvolved m hereditary clubbmg (246) and I have seen sjm- 
metncal clubbmg (194) of the big toes only, without mvolvement of the othei 
toes or of the fingers It should be emphasized here that m normal embryos all 
the fingers and toes appear clubbed (252), although it is doubtful that hereditary 
clubbmg is merelj' arrested development A pecuhar feature of hereditaiy 
clubbmg is that, although it is usuallj* present as long as the patient can remem- 
ber, it sometimes becomes much more pronounced m middle Me (264, 272 324) 
In one such case (195, 272), the merease m clubbmg was noted to be comcidental 
with the development of essential hypertension 
In unilateral clubbmg, differences m the length of the ter min al phalanges mav 
be observed by comparmg the two sides It is possible that such changes take 
place m syonmetncal clubbmg as well, although here it is much more difficult to 
detenmne especialh- if the clubbing develops dunng the growmg period In 
unilateral clubbmg, the clubbed finger tip m anj* given case may be shorter (195) 
or longer (195) than the contralateral, or there mav be no difference m lennth 
(195) 
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C Sym-pioms and sigiis of hypcriroplnc osteoarthropathy 

Hj'pertrophic osteoartluopathj^ ma5' ajjpeai from sl\ months to twenty yeais 
after the onset of the undeiljmg disease (89) It is often a'sjTnptomatic es- 
pecially m its eaihei stages, its pie-Jence bemg detectable only by \-1a3- In the 
later “Stages there are frequently achmg pams and tenderness along the shafts 
of the long bones and about the joints (16, 163, 289) The pams aie usually 
aggravated bj- cold or movement (289) and assuaged bj' warmth and rest They 
have been reported by different observers to become either more (224) 01 less 
(101) severe at the time of the menstrual period In an occasional case m which 
clubbmg and hj-pertrophic osteoarthropathy develop verj^ rapidly, the pams in 
the evtrermties maj’- be qmte se\ ere (89) and ma}" precede x-ra5" changes m the 
bones This disease may hence be mistaken for rheumatoid arthritis or osteo- 
arthritis (121, 194, 245), especially m cases m which hypertrophic osteoaithro- 
pathy is the first manifestation of a silent puhnonaiy condition (57, 283) This 
acute form is seen sometimes m children (89) but is also occasionallj’’ obsen^ed 
m adults (194) Spontaneous fractures are not uncommon, presumabty because 
of the extreme osteopoiosis m some cases (245) There is usuaUj’^ no mcrease m 
the length of the bones m adults In children, it is beheved bj’^ some obseivers 
that the extremities mcrease m length above the mcrease of normal growth (210) 
Because of mdimdual vanabihtjq however, this is difficult to prove The jomts 
m a case of hypei trophic osteoarthropathy may develop moderate efiusions 
and some limitation of motion (233) In advanced cases, they may become 
partially or completely ankylosed (245) Because of the increased size and 
weight of the bones, especiaUj'- at their penpheral ends, there is a heavmess of 
the extremities which causes awkwardness of gait and clumsmess m the move- 
ment of the hands and fingers (16, 89, 163, 317) 

The manifestations of hypertrophic osteoarthropathy are not confined to the 
bones and joints There maj^ be defimte muscular weakness (163) and slight 
edema and hypertrophy^ of the subcutaneous tissues of the extremities (89, 163) 
There maj’’ be mcreased sweatmg (4, 89) and burnmg sensations m the skin of 
the hands and feet, especially the latter (16) The skm may become thickened 
(99, 317) and develop mcreased pigmentation (295) or eczematoid lesions (89, 
163, 317) and mcreased hair growth (8, 295) mcludmg the mustache (283) 
Several cunous cases (8, 153, 266, 275, 307) have been desenbed m which there 
was a pronounced mcrease m the thickness of the skm over the pahns of the 
hands, the soles of the feet, and m some over the face In one such case, the 
clubbmg was apparently’^ hereditaiy (275), whereas m the others, the clubbmg 
and hypertrophic osteoarthropathy’^ weie secondary’- to puhnonaiy disease 
(153, 266) 

D Recession of clubbing and hypertrophic osteoarthropathy 

It IS characteristic for both clubbmg and hypertrophic osteoarthropathy to 
wax and wane -with the actmty of the underlymg disease Thus, complete dis- 
annearance of clubbmg and sometunes of associated bone changes haie been 
dSenbed after spontaneous (67, 315) or surgical (322) dramage, or radiotherapy 
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(245) of joi empyema (110 204 245 297) or lung abscess (195 2-34) after surgical 
(194) x-rav (25) or collapse (pbrenicecromy) (245) therapy of bronchiectasis 
or after irradiation (31 232) or surgical removal (97) of a mediastmal or pol- 
monary tumor. They h?.ve also been observed to recede after spontaneous 
recovery from pneumonia (47) diaphragmanc pleunsy (245) or pulmonary 
tuberculosis (67 245 305) Recession has also been seen after collapse therapy 
m tuberculosis vhether surgical (162) or by phrenicectomy (162) or pneumo- 
thorax (162) In pulmonary syphiLs clubbing has decreased vnth antduenc 
therapy (271) Recession has also been seen foUovrmg endobronclual removal 
of a foreign body (245) or a neoplasm (194) Clubbmg may subside after re- 
lease of venous obstruction by irradianon of a mediastinal neoplasm (4S'' It 
mav subside after partial gastrectomy or gastroenterostomy m pyloric obstruc- 
tion (70 145) or after resecnon of the ileum m regional ileitis (194) It also 
disappears after successful medical (146 194) or surgical (125 194) treatment 
of amoebic dysentery ulcerative cohtis sprue or ascans infestation (60) In 
post-thyroidectomy myxedema the administration of thyroid may cause some 
decrease in the clubbmg and hypertrophic osteoarthropathy (303) In chronic 
mountam aclcness recession may be ejected by descent to sea level (205) 
Dmununon o: clubbmg tvith subsidence of cystopyehtis (190) or purpura rheu- 
mauca (1S7) has already been discussed In unilateral cases due to aneurysm 
successful hgation (lOS 2S0) or compression (239) may cause the clubbmg to 
diminish In some cases it may disappear spontaneously (S6) vnth or mthout 
the aid of antduenc therapy (IIS 119) presumably because of thrombosis and 
obhteranon of the aneurysm In one case m vrhich there vras venous obstrue- 
non partial recession tvas mduced by contmued elevanon of the arm (2S0) 
Complete disappearance is never seen m hereditary clubbmg and rarely ooserved 
m such diseases as subacute bactenal endocarditis or cirrhosis of the hver vrhere 
the underlymg process is usually progressive Yet a case of subacute bacterial 
endocarditis m a tador is d^cnbed by libman (172) m vrhich subsidence of the 
clubbmg vas made apparent by a decrease m the size of the thimble needed as 
the panent vent mto a bactena-free stage Another case is reported (Baehr) 
(11) m vrhich clubbmg receded together with the other inamfes*anoiis of sub- 
acute bacterial endocarditis after treatment with suh'andamide and hyper- 
themua 

Clubbing may be the barometer o: the underlymg disease (175) and may in- 
crease and decrease several tmiK with exacerbauons and remissions (236) 
In one cose (194) of lung absc^ with frequent exacerbations of activitv m the 
form o: fever chdis and pam m the chest the enlargement and bummE: sensa- 
tions m the finger tips appeared before rhe onset of each exacerbation onlv to 
recede nearly bat not qmte to normal m each mterval This patient wnen last 
seen had had eight such exacerbations There may be siindar exacerbations 
and remissions of hypertrophic osteoarthropathy (14S 1S9 233) with vanations 
m the aciivitv oi the underlymg disease In view oi all these teatures it is ao- 
parent tnat all therapy must be directed at the underlymg disease and tne local 
complamts treaten palhauvely and synintomaticallv 
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IV EOEXTGEXOLOGY 

A Phalanges 

The x-ray changes m the distal phalanges are vanable, depending on the nature 
of the underlying disease and on the stage m the development of the clubbmg or 
bone disease In the earhest stage of clubbmg, there may be no x-ray changes 
whatsoever m the terminal phalanges (176) In the more advanced cases, there 
may be mere^' an increased flare of the ungual process of the tenmnal phalanx 
(139) It IS possible that m some cases, especially if the clubbing develops dur- 
mg the grovrmg penod, the tenmnal phalanges become hypertrophied and longer 
than normal (64, 185) This is difficult to demonstrate m symmetrical clubbmg 
but has been seen m the unilateral vanety associated with phlebectasia (195) 
As the disease advances, howei^er, atrophic changes may develop m the tenmnal 
phalanges, rangmg from simple osteoporosis (110, 139) to complete resorption 
(174, 188, 221, 275, 277, 319, 327) of several or all of the end phalanges This 
may occur m clubbmg due to pulmonary disease (294, 327) or to congemtal 
heart disease (174, 277), or m hereditary clubbmg (77, 188, 275, 319) Hyper- 
trophic osteoarthropathy with penosteal proliferation usually mvolves bones 
proximal to the phalanges In rare instances, however, aU the phalanges m- 
eludmg the tenmnal ones may be ensheathed by new-formed penosteal bone 
(151, 295) 


B Other bones 

Extensive roentgenological changes m bones other than those of the tenmnal 
phalanges are observed with the dei’^elopment of hypertrophic osteoarthropathy 
Those involved earhest and most frequently are the tibiae, fibulae, radu, ulnae, 
femora, humen, metacarpals and metatarsals Later the phalanges, claincles 
and pelvis may be affected The tarsals, carpals, vertebrae, nbs and scapulae 
are rarely, and the mandible and skuU almost never mvolved (89) At first, 
new formed penosteal bone is seen along the shafts of the long bones (263) 
This IS usually thickest m the region of the penpheral epiphj’ses and is more 
pronounced at the fines and pomts of muscular msertions, formmg osteophytes 
(134) In the early stages of the process there may be no discernible changes 
m the ongmal bone (263) One author (103) descnbes an mcrease m the density 
of the cancellous portions of the mvolved bone In hypertrophic osteoarthro- 
pathy m children it is thought by some that the growth process m the bones is 
stimulated and that an abnormal increase m the length of the long bones takes 
place (210) Indimdual vanation makes this very difficult to demonstrate In 
the more advanced stages of the disease both m children and m adults, most 
observers (134, 233, 263) find progressive osteoporosis of the cancellous portion 
and thmnmg of the cortex of the ongmal bone This process is also more pro- 
' nounced m the region of the penpheial epiphysis than m the diaphysis or proxi- 
mal epiph 3 -sis (61) EventuaUy osteoporosis of the new-formed penosteal bone 
may also be seen (263) It is difficult to detennme hov much of this bone re- 
<=orption IS due to the presence of a debifitatmg underljmg disease and how much 
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IS part of the process of hypertrophic osteoarthropathy Tree-trunk layering 
(14S, 1S9, 233) of new formed periosteal bone may be obsen'ed by x-raj- m cases 
with exacerbations and remissions of the underlymg disease 

In some cases of hypertrophic osteoarthropathj*, the bone changes reported 
are very atypical This apphes especially to the mcrease m thickness and 
length observed m some cases of hereditaiy clubbmg (ISS, 264, 319) and to the 
hone atrophy m unilateral clubbmg (75) In the absence of defimte periosteal 
proliferation, the diagnosis of hjyiertrophic osteoarthropathy alwaj^ remains m 
some doubt ^loreover, penosteal proliferation (245) may occur with trauma 
(30S), varicose vems (111), lymphangitis (54, 12S) syphilis (137), and other 
conditions which may coexist with diseases producmg clubbmg Such perios- 
titis must be carefully distinguished from true hypertrophic osteoarthropathy 

V PATHOLOGY 

A DifficitUtes 

The pathology of clubhmg has received comparatively httle attention One 
of the reasons for this is the difficulty of obtaining and preparmg specimens 
The paucity of reports on the histopathology of clubbmg is hence m direct 
contrast to the multiphcity of conffictmg mterpretations 

One of the difficulties of mterpretation is to be found m the association ter- 
mmaUy of clubbmg with other pathological processes Thus, on the basis of a 
smgle specimen m which there was edema of the connective tissue, Campbell 
(47) considered this edema to be the essential pathological change m clubbmg 
In another smgle case of generalized lymphosarcomatosis, Schirmer (26S) de- 
scribed a blue-stainmg mucmous tissue which replaced the coimective tissue of 
the clubbed finger It is impoKible here to exclude terminal and post-mortem 
changes 

Another difficulty has been madequate knowledge of the normal histologs' of 
the finger tip It is well-known that after longitudmal section of a finger and 
especially after fixation, the clubbmg may seem to disappear because of shrink- 
age (79 194, 207 322) It is only after comparison of such a finger with a nor- 
mal one similarly treated that the difference m tissue distribution becomes ap- 
parent (SI, 194) Thus, Buzzard (44), finds only hypertrophy of the volar pad 
of the finger tip m his smgle case of clubbmg, although there is also an obnous 
mcrease m the connective tissue of the nad bed m his illustration This would 
have been evident had he compared his section with that of a normal finger tip 
similarly prepared 

B Pathology of clubbuig 

It has become clear from vanous reports, that clubbmg is characterized by 
mcreased proliferation of aU the tissues of the finger tip (8 152, 177, 245, 274) 
This IS most apparent m the fibrous elastic tissue of the nad bed (295), although 
it also takes place m the fatty connective tissue of the ball of the finger (44, 
245) ^lost observers also find ddatation and mcreased thickness of the walls 
of the small blood vessels of the finger tip (S, 81, 91, 152, 245, 277, 312), as well 
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as new formation of capillaries (253) The number of arteno-venous anas- 
tomoses per umt of tissue is nuthm normal lunits (194), although quahtative 
changes m these structures have not been studied There is an mcrease in the 
area of the nail and skm correspondmg with the mcrease m volume of the under- 
tissues (8, 81) An mcrease in the thickness of these epidermal tissues 
has also been obsen'ed (8, 81, 91, 300), although the wide range of normal vana- 
tion makes this difficult to demonstrate There is also mcreased thickness of 
the penosteum and of the ungual process of the bone itself (194, 228) In 
advanced cases, however, atroph}' (152) and even complete resorption (174) 
of the bone maj' take place The latter process, unfortunatelj-, has never been 
studied histologicaU 5 ’- 

C Pathology of hypertrophic osteoarthropathy 

The gross pathologj' of the bones m hj’pertrophic osteoarthropathj’’ has been 
studied chiefli’ bj’' the evammation of lye-digestion specimens (16) Irregular, 
porous, rough accumulations of new-formed periosteal bone m confluent islands 
with geogiaphic borders are found along the shafts of the long bones, which ma}^ 
be completely ensheathed (8, 16, 251, 285) The pores are larger m the long 
bones than m the smaller bones (295) This new bone formation is usually 
thickest m the region of the penpheral epiphs^sis (8) and is more pronounced at 
the Imes and pomts of musculo-tendmous insertions (16, 61) This has led 
some authors to consider h5T5ertrophic osteoarthropath 5 ’^ to be a generalized 
extension of local osteoph 5 -te formation (61) The frequently found osteoporosis 
of the cancellous portion and t hinnin g of the cortex of the ongmal bone have 
alreadj^ been discussed (8, 61, 88) UTien this process of osteoporosis extends 
to the new-formed penosteal bone, a t hinl y trabeculated space ma 3 ’^ be found 
between the cortex and the new penosteal bone (61, 228) Several such spaces 
maj’ be found m tree-trunk laj^ers (148, 189) m cases subject to exacerbations 
and remissions Pathological fractures are occasionaUj’^ seen (245) The jomt 
capsules and S 3 Tional membranes ma 3 ’ be thickened (306) with or without co- 
existmg jomt effusions (285) There may be fibrous or bon 3 '' ankylosis (61) and 
occasionall 3 ^ the cartilages of the large jomts are found to be sjamnetncally 
eroded (306) 

i\Iici03Copicall3’', the penosteum ma3’^ be thickened (300) and show mcreased 
proliferation of the cambium la3'er (61) It ma3’ contam accumulations of 
l3Tnphoc3'tes and round cells contammg ox3Tih3'Ihc granules (61) There may 
also be small hemorrhages and areas of edema and vasodilatation not unlike 
those seen m local osteoph3'te formation (61) The pores seen m the new-formed 
bone after l3’'e-digestion are found to contam penosteal bands (295) m which 
there are numerous blood vessels (16, 91, 98, 251, 285) and Sharpe3'' s fibres (61, 
251, 285) With the development of mcreased osteoclastic actmt3' and osteo- 
por’om (148, 251), the trabeculae of the canceUous bone become thmner and 
more mdely spaced (45, 285) The cortex of the old bone becomes eroded (2So) 
Later lacunae appear m the new-formed penosteal bone, formmg trabecu ae 
vhich also become progressn ely resorbed (61) The Haversian s3-3tem o e 
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new-fonned bone is then seen to be disrupted (285) and is, together with the 
lamellae, generally perpendicular to that of the old bone (13, 228) The bone 
cells and bone plates of periosteal bone are also distorted (285) In the later 
stages, the new bone is separated from the old cortex by a thinly trabeculated 
space (61) There may be several such spaces producmg layers of new-formed 
periosteal bone Occasionally, bone metastases from mahgnant pulmonaiy neo- 
plasms wiU be seen m the bones affected by hj-pertrophic osteoarthropathy 
These metastases are found most often m the old compact and new-formed 
periosteal bone (250 266) The marrow of both the new-formed penosteal 
bone and of the old bone is richer and more vascular m the areas of active perios- 
teal prohferation and more fatty m the mactive areas (61 163) Other changes 
m the bone marrow such as eosmophiha, etc , are dependent on the nature of the 
underlymg disease, rather than a part of the process of hypertrophic osteoarthro- 
pathy The synovial membranes mat* present fibnnoid degeneration and sub- 
synovial congestion and collections of lymphoctdes and leukocytes with eventual 
proliferation of granulation tissue and pannus formation (61 245) Pannus 
pressure may cause fibrmoid degeneration of the cartilage (325), with sphttmg 
and erosion, and fibrous or bony mgrowth, producmg ankylosis (61) 

D Chemical pathology 

Chemical analt-ses of the bone with modem methods (Renon and Gdiaudel 
(251)) have failed to confirm the vanations from the normal reported by Chabne 
(50) m hjiiertrophic osteoarthropathy Parkes-Weber (228), however, de- 
scribes a case m which the new-formed penosteal bone was les deeply stamed 
with hematoxyhn than the old bone He mterprets this as evidence of de- 
creased calcium content of the new bone 

Vl PATHOGEXESIS — ^AXrUAL EXPERniEXTATIOX 

Many attempts were made to reproduce hypertrophic osteoarthropathy m 
the experimental animal Yon Bamberger (16) mstiUed matenal from a human 
lung abscess mto rabbits by rectum and failed to produce bone changes Pus 
from abscesses and hmph glands and also cultures of vanous organisms, m- 
cludmg the tubercle bacillus, were mjected mtravenously m rabbits and gumea 
pigs bv Dor (72) He produced a purulent arthntis which he confused with 
hj-pertrophic osreoarthropathv Phemister (234) also mjected cultures of 
vanous organisms mtrai enously m animals but was not successful m producmg 
bone changes Compere Adams and Compere (56) produced pulmonaia* ab- 
scesses m dogs bv paraffin mjections into the lungs but also failed to achieve bone 
changes Harter and Cliurclull (116) were also unsuccessful m producmg hATier- 
trophic osteoarthropathv bv trang off bronchi m cats and monkej’s Stephens 
(2SS) \iTS unable to produce clubbmg or bone changes m anmials by causme 
chrome congestion 

H\-pertropluc osteoarthropathv was successfully produced experimentally bv 
anastomosis of the left and '•djacent mam pulmonart' arterv to the left auncle 
in dog- tMencilowitz and Leslie (197 198 199)) This produced a lesser cucuit 
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shunt simulating the cu-culator3" status observed m congemtal heart disease 
mth cj anosis Shunts from 13 to 46% of the ventricular output were produced 
by this method These shunts were accompamed by no change m the ether cir- 
culation time, venous blood pressure or oyj^gen consumption per mmute There 
was a consistent decrease m cyamde circulation time In the smaller shunts 
there was httle change in blood volume, whereas m the larger ones there was an 
mcrease of both cell and plasma volume The blood pressure either became 
lower or remamed essentially unchanged The most significant findmg associ- 
ated with the development of hypertrophic osteoarthropath3’' was an mcrease 
m S3^stemic cardiac output, the blood flow through the lungs remainmg compar- 
ativel3^ normal 

vn PATHOGENESIS — CLINICAL PHTSIOLOGT 
A Arterial, venous and capillary blood pressures 

ISIethods for the accurate stud3’' of peripheral circulation have onl3' recentfy 
been developed For this reason, Roncato, m 1927 (258), usmg inadequate 
methods came to erroneous conclusions concermng circulatoir’’ changes m 
clubbed fingers He mamtamed that the venous pressure and capillar3’' pressure 
were raised and the arterial pressure lowered m clubbing It is now generall3’' 
accepted that the antecubital venous pressure in uncomphcated clubbmg is 
usuall3’' withm normal limits (162, 194) It is also generall3’' recognized that the 
brachial artenal pressure m uncomphcated clubbmg is normal, umlateral cases 
evcepted (195, 196) The onl3- accurate method for measurmg capillai^' blood 
pressure is the direct method of Landis (155) and to m3’' knowledge no studies 
of capillaiy blood piessure b3^ this method have been made m clubbed fingers 

B Capillaroscopy 

With the advent of capiUaroscop3q man3’^ studies on clubbed fingers were 
made with conflictmg results Thus, de Haas (112) found capillai3’^ stasis with 
decreased flow and constncted capillaries, Rommger (257) descnbed dilated or 
aneur3^smal loops. Leader (161) reported lengthened thm loops with granular 
streammg, whereas Wnght and Dur3’ee (334) and others (159, 245, 248) reported 
vanable changes It is not difficult m the hght of modem physiolog3' to evplam 
some of these apparent discrepancies The blood flow to the extremities has an 
enormousl3' wide normal range under Tai3-ing conditions This is due to the 
control of the cahbre of the artenoles and arteno-venous anastomoses exercised 
by the autonomic nenmus system In general, cold and such emotions as fear 
tend to decrease blood flow, whereas warmth and pleasurable emotions tend to 
mcrease it (169) Unless, therefore, capiUaroscopic studies are earned out 
under standardized conditions, vanations with environmental temperature and 
emotion wdl create differences m flow and m the appearance of the capiUanes, 
superimposed on whatever fundamental changes have taken place because of the 
clubbmg In addition, local factors frequently affect the appearance of the capil- 
lanes Significant differences are obsen-ed, for example, if the cuticle is 
ally pushed back or if there is a low grade chrome paron5'chial infection (194) 



CLTJBBECG A^T) HYPERTROPHIC OSTEOARTHROPATHY 


287 


All these variables mate the capillaroscopic studies of clubbed fingers thus far 
reported of doubtful value 

C Blood fiow 

1 SUn lemjpcTQhiTe Aletbods for tbe determination of blood flow have also 
been developed recentlj- and some of these have been used m the study of clubbed 
fingers It has been shown that skm temperature, measured most convemently 
with the electric thermocouple, is generally proportional to blood flow (167) 
On the basis of such measurements made under unstandardized conditions de 
Haas (112) concluded that there was a decrease m blood flow m clubbed fingers 
These conclusions, however, are subject to the same criticism alreadj’ leveled 
against capillaroscopy with reference to the wide normal variations with changes 
m environmental temperature and emotion In my own measurements of 
skm temperature m normal and clubbed fingers (195), I was unable to confirm 
de Haas’s findin gs After release of sympathebc tone, moreover, there were no 
significant changes m the skm temperatures of normal as against clubbed fingers 
or m the gradient of temperature from the base to the tip of the finger 

Smce the relation between skm temperature and blood flow is a curve, the 
asymptote of which is the temperature of the artenal blood, any conclusions 
concemmg blood flow adduced from skm temperatures m warm fingers are sub- 
ject to error Thus, once the skm has been wanned by the blood to the maxi- 
mum, a further mcrease m flow will not produce a correspondmg mcrease m 
temperature (194) In order to measure blood flow imder standardized condi- 
tions (235), that is after release of sympathetic tone by rest and body warmmg, 
some other method must be used 

2 Plcthysmogra'phy Plethysmographic methods for the study of blood flow 
through the finger tips have recently been devised by Grant and Pearson (104), 
by Wilkins, Doupe and Xewman (329) and by Turner, Burch, and Sodeman 
(311) The method generally used has been a modification of the Hewlett and 
van Zwaluwenburg (124) method for the arm, m which the mcrease m volume 
per minute is measured after venous obstruction Turner et al (311), measured 
the pulse volume m the finger tips of patients with hereditarj* and acqmred 
clubbmg and found it to be below normal m hereditary- and withm normal limits 
m acquired clubbmg These measurements, however, bore no quantitative 
relationship to blood flow and were made under unstandardized conditions 
These workers have recently adopted the prmciple of Hewlett and van Zwalu- 
wenburg (124) m them studies (43) All plethysmographic methods requue 
elaborate apparatus which makes them too cumbersome for work at the bedside 
(196) There are al«o techmcal objections and sources of error which make 
them less applicable for the study of blood flow m the finger tips (196) The 
normal range of variation after release of s^^npathetlc tone reported by Wilkms 
et al (329) v as nei ertheless m accord with that which I found with the calorimet- 
ric method (196) In a smgle case (195), moreover, studied with Grant and 
Pearson’s (104) method, the results were also at least qualitativelv, m accord 
with those obtamed calonmetncally 
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shunt sunulatmg the cnculatory status observed m congenital heart disease 
■with cyanosis Shunts from 13 to 46% of the ventricular output were produced 
this method These shunts were accompamed by no change m the ether cir- 
culation tune, venous blood pressure or oxygen consumption per nunute There 
was a consistent decrease m cyamde circulation time In the smaller shunts 
there was httle change m blood volume, whereas m the larger ones there was an 
mcrease of both cell and plasma volume The blood pressure either became 
lower or remamed essentially unchanged The most significant findmg associ- 
ated 'With the development of h3^ertrophic osteoarthropathy was an mcrease 
m systemic cardiac output, the blood flow through the lungs remammg compar- 
atively normal 

■VII PATHOGENESIS CLINICAL PHYSIOLOGY 

A Arterial, venous and capillary blood pressures 

Methods for the accurate study of peripheral circulation have onlj’^ recently 
been developed For this reason, Roncato, m 1927 (258), usmg madequate 
methods came to erroneous conclusions conce rnin g cuculatory changes in 
clubbed fingers He mamtamed that the venous pressure and capiUarj’^ pressure 
were raised and the artenal pressure lowered m clubbmg It is now generally 
accepted that the antecubital venous pressure m uncomplicated clubbmg is 
usually ■withm normal limits (162, 194) It is also generaUj’’ recogmzed that the 
brachial artenal pressure m uncomphcated clubbmg is normal, unilateral cases 
excepted (195, 196) The onl}’' accurate method for measurmg capdlarj’^ blood 
pressure is the direct method of Landis (155) and to mj’^ knowledge no studies 
of capiUarj’’ blood pressure b}'^ this method have been made m clubbed fingers 

B Capillar oscopy 

With the advent of capdlaroscopy, manj' studies on clubbed fingers were 
made ■with conflictmg results Thus, de Haas (112) found capillaiy stasis ■with 
decreased flow and constncted capiUanes, Rommger (257) descnbed dilated or 
aneurj^smal loops. Leader (161) reported lengthened thm loops with granular 
streammg, whereas Wnght and Duryee (334) and others (159, 245, 248) reported 
vanable changes It is not difficult m the hght of modem physiologj’^ to e-qilam 
some of these apparent discrepancies The blood flow to the extremities has an 
enormousb’^ ■wide normal range under varjung conditions This is due to the 
control of the cahbre of the arterioles and arteno-venous anastomoses exercised 
by the autonomic nenmus S 3 ’^stem In general, cold and such emotions as fear 
tend to decrease blood flow, whereas warmth and pleasurable emotions tend to 
mcrease it (169) Unless, therefore, capiUaroscopic studies are earned out 
under standardized conditions, vanations ■with emuronmental temperature and 
emotion ■will create differences m flow and m the appearance of the capiUanes, 
superimposed on whatever fimdamental changes have taken place because of the 
clubbmg In addition, local factors frequentty affect the appearance of the capil- 
lanes Significant differences are obserimd, for example, if the cuticle is 
ally pushed back or if there is a Io^k grade chrome paronychial infection (19 ) 
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E Studies in hereditary dubhmg 

In hereditary clubbing, both the blood flow per sq cm and the pressure 
gradient were withm normal hmits (1Q6) In one case, only three fingers of 
both hands were clubbed There was no essential diflerence between the blood 
flow per sq cm or the digital arterial pressure of a clubbed and those of a normal 
finger (196) Abnormally hi^ blood flow or digital arterial pr^ure after 
release of sympathetic tone were not found m other chmeal conditions such as 
aplastic anemia, Graves’ disease, essential hypertension, or acromegaly (196) 
They were also absent in various chrome infectians not associated with clubbmg 
such as rheumatoid arthritis, chrome pyelonephritis and chrome salpmgitis 
(196) In malign ant hypertension, however, there may be a decreased brachial- 
digital prKSure gradient (195, 220) 

F Studies tn undaferal duhbing 

In unilateral clubbmg, the chmeal and physiological findings reported by 
various observers were extremely variable The involved ha n d, for example, 
might either be colder (105, 113, ISO, 195 239) or warmer (195) than the unin- 
volved or there might be no difference m temperature (195) The strength 
of the pulse and the ha^t of the blood pressure might dther be greater (157 
195, 200, 23S) less (19, 21, 26 27, 75, 105, 113, IIS, 119, 136, ISO, 195 213) or 
unchanged (195 29S) on the mvolved side, or the pulse might be completely 
absent (200) The venous pressure mi^t either be normal (195) or high (105, 
119, 200 21S) on the side of the clubbing The blood flow after release of ^mi- 
pathetic tone mi^t be abnormally high (195), abnormally low (195), or withm 
normal hmits (195) when compared with the umnvolved side The brachial- 
digital presure gradient was also correspondmgly variable (195) 

Vin PATHOGENESIS — THEORIES 

There are many theories on the mechanism of clubbmg, each with ardent 
advocates but none with convmcmg experimental support This led West 
(323) m 1S97 to state “Clubbmg is one of those phenomena with which we are 
all so fannhar that we appear to know more about it than we really do ” Smee 
this IS as true now as it was then, a bnef histoncal critique both of what we ap- 
pear to know and of what we really do know wdl be presented 

A. Trophic 

The view held by mosr physiaans of the eighteenth century was that clubbmg 
was due to emaciation, which affected the proxmial more than the distal pha- 
langes This concept can be found m the works of Laennec (154) 

B Circulatory 

Xo comprehensive theorv was advanced however, until the tune of Pureaux 
(1S32) (236) He discarded the concept of emaciation since many of his patients 
appeared to be fairly well nourished He beheved that clubbmg was due to 
edema and mcreased cellulanti* of the connective tissue of the finger tip, and that 
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3 Calonmetry AH calorimetiic methods for measuring peripheral blood flow 
are based on the prmciple elaborated by Stewart (292) foi the hand He 
show ed that the numbei of cc of blood flowing through the hand per minute 
could be calculated from the number of calories ehmmated per mmute, dinded 
by the difterence m temperature between artenal and venous blood He meas- 
ured the number of calones elimmated by the hand m a calonmeter and took 
mouth temperature to be the temperature of artenal blood and average calorim- 
eter tempeiature to be that of the venous blood He assumed that all the blood 
flowing thi ough the hand was cooled to the temperature of the calorimeter The 
method of Hardy and Soderstrom (114) for measuring total skm blood Sow 
calonmetricallj’’ is based on the Stewart prmciple and measures average blood 
flow per sq cm of skm There are, however, wide vanations m skm blood flow 
dependmg on vasomotor tone and the distnbution of arterio-venous anastomoses 
The large standard demation from the average blood flow per sq cm m this 
method, theiefore, makes it mapphcable for measunng blood flow m anj^ given 
area such as the finger tip, although it is quite accurate for total surface blood 
flow 

To measure finger tip blood flow', a calorimeter was deMsed (195, 196) based 
on Stewart’s method for the hand (292) It w'as found that Stewart’s formula 
(292), which had been shown to be mvahd for the hand (115), was applicable 
to the finger tip (196) This method was so simple that it could be used at the 
bedside, it was quantitative and techmcaUy accurate, and it could be used (196) 
to measure blood flow under standardized conditions, that is, after release of 
S5'mpathetic tone b}' warmmg the bodj’- (235) 

With this method, the blood flow per sq cm of finger tip after release of sym- 
pathetic tone, was found to be abnormally high m syunmetrical clubbed fingers 
due to vanous diseases of the lungs, heart and mtestme (195, 196) In a case 
of lung abscess m which the clubbmg receded after operation, the blood flow 
receded to withm normal limits (196) With the development of hyqiertrophic 
osteoarthropathy m these cases, however, the finger tip blood flow per sq cm 
of surface was found to be withm the normal range of variation (196) 

H Brachml-dtgiial arterial blood pressure gradients 

In all these cases (195, 196), the brachial-digital artenal pressure gradient 
was also detenmned before and after release of sympathetic tone The brachial 
pressure was measured by the standard auscultatory method and the digital 
sy'stohc and diastolic pressures with the Gaertner capsule (94) In symmetrical 
clubbmg secondary to vanous diseases of the lungs, heart and mtestmes, the 
gradients both before (194) and especially after release of sympathetic tone were 
found to be less than normal (195, 196) This reduction m gradient was caused 
by elevated digital artenal pressure, the brachial pressure bemg normal In 
the case of lung abscess (196), m which the clubbmg receded after operation and 
the blood flow became normal, the digital artenal pressure and the brachial- 
dieital pressure gradient also became normal In three eases of hypertrophic 
osteoarthropathy, the digital artenal blood pressure as well as the blood flow 
per sq cm of fcger tip was withm normal hmits (196) 
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E Tox'c-Jiicd^G.tic^} 

An artempT to reconcile tiie toxic and mechanical theones nns made by in- 
cornoianng both m a nen- theoiy called the toxic-mechamcal Some advocates 
(162 200) of this concept beheved that deranged systemic (2S2') or impaired 
local (200 2SS) circulation produced toxins vhich affected the trophic nerves 
(192) or caused the clubbmg directly. Others postulated capillaiy dilatation 
and stasis vith a resultant local tissue anoxia all of vhich vras caused by the 
effect of circulanng toxm (3S) This theoiy tvas subject to all the mconsistencies 
of the origmal tox enna theoiy and its modiScations and also did not explain tthy 
the capillaries of the ffnger tips alone or of the periosteum of the bone were 
peculiarly susceptible to these toxins CapiUaroscopic studies in addition 
failed to demonstrate capillary stasis consistently (159 245 24S 334) 

F. A},o~c 

Another theoiy which incorporated certain features of the toxic-mechameal 
theory and which has received conadeiable support up to the present time is the 
anoxic theoiy Accordmg to this. capiDaiy stasis is caused by arterial anoxenna 
(2S4'). or local anoxia (47) Lebreton (162) suggested that one of the possible 
causes of the artenal anoxemia was pulmonary arteno-venous shunts m the 
mvolved lungs or direct shunts as m congenital heart disease AmeuiUe and 
Peneau (5) attributed clubbmg to shunts between the pulmonary artery and 
bronchial veins althou^ how this produced artenal anoxemia remained un- 
clear The theory of artenal anoxemia broke down in cases of hereditary dub- 
bmg unilateral clubbmg and many of the pulmonary and idiopathic (46) cases 
m which there was no demonstrable decrease m the osygen “saturation of the 
artenal blood (162) It also failed to explain why uncomphcated methemo- 
globmemia or severe aneima did not produce dubbing The theory of local 
anoxia failed to explain the absence of dnbbmg m most cases of Bavnauds 
disease or other diseases of the pienpheial artenes In addition these theories 
were subject to many of the objections to the other theones which mduded 
capillarv stasis as a fundamental feature. 

G iIisc<:Ua7iCous 

Alany other theones most of which were short-hved, were advanced to ex- 
plam clubbmg and hypertrophic osteoarthropathy One author (491 postulated 
absorpnon of toxins from the digestive tract as the fundamental enologv. 
Others 031 192 2311 mcmmnaxed the endocnne glands The pitmtaiy was 
one of the first to be blamed (35 106 192) because of the superSaal resemblance 
of acromegalv to hypertrophic osteoarthropathy and because a case was reported 
(7) m which both diabetes insipidus and hypertrophic osteoarthropathy coex- 
isted The rhvToid (1921 was thought by some to be mvolved because of the 
rare cases of mvxedema reported with dubbmg One author found hypertrophic 
osreoarthropathv associated with changes m mmeral metabolism and tetanv 
and therefore mdicted the paratnamoid glands (651 Even the gonads (192) 
were thought to have an mflaence on hypertrophic osteoarthropathv because 
of svmptomatic changes at the nme o: the menstrual penod (1011 Advocates 
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these pathological changes were brought about by alterations m respiration or 
circulation causing a disturbance of the blood Following this, more was done 
to obscure than to clanfy this admirably sound concept 

C Toxic-infectious 

With the advent of bactenolog}'’ and the description of hj^ertrophic osteoar- 
thropathj’’ bj' von Bamberger (15, 16) and bj’" Mane (191), a toxic-infectious 
theory was advanced It was beheved by some (297) that the changes m the 
finger tips and especial^ m the bone were direct manifestations of chrome in- 
fection HjTiertrophic osteoarthropathy became confused with sj-philitic 
periostitis (76, 102) and also with Poncet’s so-caUed pseudo-tuberculous rheuma- 
tism (210) In fact, the chief infectious agent menmmated was the tubercle 
bacillus (3, 12, 76, 305, 306, 337) It soon became evident, however, especially 
when no acid-fast baeilh were found m the lesions, and when clubhmg and 
hj'pertrophic osteoarthropathy were desenbed m conditions like pulmonary 
neoplasm and congemtal heart disease, that direct infection was neither the 
cause of clubbmg nor of hj'pertrophic osteoarthropathy 

In contrast to the theoij'’ of direct infection the tovemia theory (222, 314) 
persisted, although under fire, for a much longer time and is even supported by 
some modem authors (39, 120) Accordmg to this concept, the clubbmg and 
especially the bone lesions, are due to the effect of circulatmg toxnis on sus- 
ceptible penpheral capiUanes Whj’’ onlj’’ certam vaneties of toxemia, as m 
lung abscess or ulcerative cohtis, produced clubbmg, whereas others, such as m 
chrome rheumatoid arthritis, or chrome osteomj’-ehtis, almost never did, re- 
mamed unexplamed To explam the development of clubbmg m congemtal 
heart disease with ej'^anosis, Bdclhre (21) suggested a hypothetical sj^steauc toxe- 
mia resultmg from the mabdity of the lungs to remove from the blood toxic sub- 
stances produced nonnallj^ by the tissues This could be brought about by a 
puhnonaiy-systemic shunt or by impaired pulmonary function, as m vanous 
diseases of the chest It soon became evident that this theoiy was inadequate 
to explam even ordmaiy vaneties of clubbmg, much less the hereditary or um- 
lateral forms 


D Mechanical 

The opponents of the toxemia theoiy supported a theoiy which was evolved 
from Pigeaux’s origmal paper (236) and was later proposed as an alternative ex- 
planation for the mechanism of clubbmg and hypertrophic osteoarthropathy bj^ 
von Bamberger (15, 16) This became known as the mechamcal theory' (28, 
36, 81, 135, 314), accordmg to which, clubbmg was beheved to be due to capillary 
stasis because of back pressure The cases of unilateral clubbmg with I’enous 
obstruction and cases of bilateral (48) and unilateral (280) clubbmg m which 
release of venous obstruction caused partial recession of the clubbmg were cited 
Ordmaiy symmetncal clubbmg was attnbuted to back pressure from the heart 
and lunp Why patients with heart failure rarely developed clubbing remained 
unexplamed In ordinary' symmetncal clubbmg, moreover, stasis was not sub- 
stantiated by actual pressure measurements 
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pasive hyperenua Ogle (21S), Obennarer (216) and Acbard (2) also postu- 
lated ovemutntion, but because of passive hyperemia Femo (S3) and also 
Szydlowski (29S) thought that the ovemutntion of the tissue ivas due to vaso- 
motor changes (dilatation) affectmg chiefly the artenes and capdlanes ^ on 
Czyhlarz (63, 64) beheved that the ovemutnnon was due to active hyperemia 
because some of his cases of subacute bactenal endocarditis with clubbmg hap- 
pened also to have aortic insuffiaency which was accompamed by penpheral 
vasodilatation Walters (317) mentioned active hyperemia as a possible cause 
of clubbmg only to dismiss it It is apparent hence, that the concept of oi er- 
numtion of tissue was amved at by several observers and that some thought 
mcreased blood flow to be responsible for this Although these opmions were 
based on erroneous premises and therefore usually dismissed, they nevertheless 
were never disproved Recent evidence from chmcal observation and expen- 
ment (196 199) has reemphasized the importance of mcreased penpheral blood 
flow m the development of clubbed fingers and hypertrophic osteoarthropathy 
Ani* new theory of the mechanism of clubbmg and hypertrophic osteoarthro- 
pathy would have to mcorporate all the facts presented here, as well as any new 
ones discovered m the course of clmical mvestigation or animal experimentation 
In my opmion, mcreased penpheral blood flow would have to form a corner- 
stone of the new theorj' 


IX SCiniAET 

1 Symmetncal clubbmg of the fingers and toes mav be acquired m the course 
of vanous systemic diseases or may be hereditary Unilateral and umdigital 
clubbmg apparently occur m association with vascular and vasomotor diseases 
of the correspondmg extremity or finger Hypertrophic osteoarthropathy is an 
extension of the process of clubbmg to more proximal parts of the extremities 
and may develop m any condition capable of producmg clubbmg 

2 Characteristic clmical and roentgenological changes occur m clubbmg and 
hypertrophic osteoarthropathy 

3 Clubbmg and hjpertrophic osteoarthropathy are seen pathologically to 
consist chiefly of tissue hi'pertrophy and hyperplasia In the original bone, 
however, osteoclasis and bone resorption may be stimulated 

4 Hypertrophic osteoarthropathy was produced experimentally m the dog by 
anastomosis of the pulmonary arterx’ to the left auricle The most significant 
circulatorv change foond was an mcrease m syst emi c cardiac output 

5 Clmical phvsiological obsenations have demonstrated m simple acquired 
symmetncal clubbmg an mcrease m blood flow per umt of tisue caused chieflv 
by an mcreased digital artenal pressure In hereditarv clubbmg and m hvper- 
trophic osteoarthropathy these changes m digital artenal pressure and b'ood 
flow were absent In unilateral clubbmg they were t anable 

6 Prenous theones on the pathogenesis of clubbmg are renewed histoncalli- 
and discussed cniically 

7 It is behe\ ed that mcreased penpheral blood flow wdl form a corner-stone 
of future theones on the mechanism of clubbmg and hypertrophic osteoar- 
thropathi 
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of the nervous theory- (34, 45, 127, 262) beheved that the effect of nen^e lesions, 
especial!}' those of the autonomic ner\'ous system, on vasomotor tone vas 
responsible for clubbmg and the bone lesions They cited the cases of S}'rmgo- 
myeha (33), some of the unilateral cases mth nerve lesions (26, 110, 186, 193, 
203), and evpemnental as veU as cluneal observations demonstratmg the rela- 
tionship between nerve mjui}' and tissue h}’pertrophy (130, 166, 298) Patho- 
logical studies, however, failed to confirm the presence of neri'e lesions in most 
of the cases of clubbmg (44) or of h}'pertrophic osteoarthropathy (300) Another 
theory proposed was that of Ijunph stasis (78) The author here cited cases of 
bone changes secondaiy to hunphangitis of the lower extremities Lymphan- 
gitis, however, may produce an inflammatory periostitis (54), which must be 
carefully distmguished from hypertrophic osteoarthropathy Moreover, cluh- 
bmg and associated bone changes are absent m most cases of lymph stasis, and 
there is no evidence of such stasis m most of the vaneties of clubbmg, with the 
possible exception of unilateral clubbmg One author (242) thought hereditary 
clubbmg to be due to changes m blood volume, but this also has not been con- 
firmed Among the more fantastic theories proposed and completely unsup- 
ported by evidence is that of mcreased mtracramal pressure (278) Another is 
the theory that clubbmg is due to excessive coohng of the finger tips (149) 
One author postulated a vitamm deficiency (61) and another the hberation 
of nitrogen gas m the penosteum (331) as the cause of hiTiertrophic osteoar- 
thropathy j\Iost of these theones have been abandoned as accumulated en- 
dence either faded to support or directly disproved them 

H Eclectic 

It was endent to some observers (129, 170, 299) that no one of the proposed 
theones was reconcdable with all of the known facts Of these workers, some 
attempted to effect a compromise by postulatmg different mechamsms for dif- 
ferent kmds of cases (16, 34, 38, 138, 264) Thus, m any given case, theunder- 
l}'mg cause might be either toxemia, anoxenua, stasis, neiwe lesions, etc , or any 
combmation of these factors They beheved that all these factors imght produce 
snmilnr local capiUar}' effects, such as stasis or impairment of permeabihty and 
that this m turn was the cause of the clubbmg This was agam controverted 
by the abscence of demonstrable capdlary stasis m many clubbed fingers ex- 
ammed with the capiUaroscope, and it did not satisfy the desire to explam a 
smgle phenomenon hke clubbmg and h 5 'pertrophic osteoarthropathy by a smgle 
mechanism Those who held fast to that desire simpl}' stated that the mecha- 
nism of clubbmg must be considered to be unknown (324) 

I Future 

Out of this welter of h}-pothesis and theoi}’ appeared certam concepts which 
were never controverted by facts The concept that clubbmg and h}'pertrophic 
osteoarthropathy were essenhally a hi-pertrophy and h 3 'perplasia which might 
or might not be accompamed by local edema remamed m accord mfh the en- 
dence Von Bamberger (15) thought that this h}-peiplasia was due to an oi er- 
nutntion of the tissues by the blood, which could occur m both actne and 
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passive hyperenua Ogle (218), Obermayer (216), and Achard (2), also postu- 
lated ovemutntion but because of passive hyperemia Femo (S3) and also 
Szj-dlovBki (29S) thought that the ovemutntion of the tissue tras due to vaso- 
motor changes (dilatation) afiectmg chiefly the artenes and capillanes Yon 
Czj-hlarz (63, 64) behei ed that the ovemutntion \ras due to active hyperemia, 
because some of his cases of subacute bactenal endocarditis ivith clubbmg hap- 
pened also to have aortic insufficiency, irhich was accompamed by penpheral 
vasodilatation Walters (317) mentioned active hyperemia as a possible cause 
of clubbmg only to dismiss it It is apparent hence, that the concept of over- 
nutntion of tissue was amved at by several obseivers and that some thought 
mcreased blood flow to be responsible for this Although these opmions were 
based on erroneous premises and therefore usually dismissed, they nevertheless 
were never disproved Recent evidence from clmical observation and evpen- 
ment (196, 199) has reemphasized the importance of mcreased penpheral blood 
flow m the development of clubbed fingers and hi'pertrophic osteoarthropathy 
Ani' new theoiy of the mechanism of clubbmg and hj'pertrophic osteoarthro- 
pathy would have to mcorporate all the facts presented here, as well as any new 
ones discovered m the course of clmical mvestigation or animal experimentation 
In my opmion, mcreased penpheral blood flow would have to form a corner- 
stone of the new theorx* 


EX SUMMAET 

1 Sjmmetncal clubbmg of the fingers and toes may be acquired m the course 
of vanous systemic diseases or may be hereditarj- Unilateral and umdigital 
clubbmg apparently occur m association with vascular and vasomotor diseases 
of the correspondmg extreimtj- or finger Hj-pertrophic osteoarthropathy is an 
extenaon of the process of clubbmg to more proxmial parts of the extremities 
and may develop m any condition capable of producmg clubbmg 

2 Characteristic clmical and roentgenological changes occur m clubbmg and 
hypertrophic osteoarthropathy 

3 Clubbmg and hi'pertrophic osteoarthropathy are seen pathologicaUv to 
consist chiefly of tissue hypertrophy and hj-perplasia In the ongmal bone, 
however, osteoclasis and bone resorption may be stimulated 

4 Hj-pertrophic osteoarthropathy was produced expenmentalli m the dog bj- 
anastomosis of the puknonan- arteiy to the left auncle The most significant 
cuculatoiy change found was an mcrease m sj'stemic cardiac output 

5 Clmical phvsiological observations have demonstrated m simple acquired 
sy mm etncal clubbmg an mcrease m blood flow per umt of tissue caused chiefly 
by an mcreased digital artenal pressure In hereditary- clubbmg and m hyper- 
trophic osteoarthropathy these changes m digital artenal pressure and blood 
flow were absent In umlateral clubbmg thev were i anable 

6 Previous theones on the pathogenesis of clubbmg are reviewed histoncaUy 
and discussed cnticaUy 

7 It 15 believed that mcreased penpheral blood flow will form a corner-stone 
of future theones on the mechanism of clubbmg and hypertrophic osteoar- 
thropathy 
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The most accurate and rehable studies on the epidemiology of pneumonia hare 
been made smee the mtroduenon of the classification of pneumococci mto specific 
types by the tvork of Neufeld and Haendel (1), Lister (2), Dochez and Gillespie 
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observations, hovrever, had previously been made concemmg the spread of 
pneumoma both before and after the discovery of the pneumococcus Some of 
the highlights of these early observatioiis may be mentioned briefly 
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Some of the more precise studies on the role of air and dust m the spread of 
pneumoma that trere earned out m later years rath the aid of typmg rrere antic- 
ipated by a number of earher tvorkers m addition to Xetter (13) Emmench 
(15) recovered pneumococci from the floor filth m a prison tvhich vras notonous 
for hreedmg pneumoma over a penod of 25 years Pawlovrsky (16) isolated, 
on sohd media pneumococcus-hke organisms from a number of rooms Xetter 
(14), Emmench (15) Germano (17), Bordom-Uffreduza (IS) and Wood (19), 
among others demonstrated the resistance of pneumococci to drymg Some 
of these studies -were made rath dust, sputum and Imens TTashboum (20) 
vras able to recover pneumococci by mouse moculation of the dust from a vrard m 
rrhich pneumoma patients tvere nursed but not from other tvards nor from the 
dust of the hospital entrance hall the laboratoiy and the street The resistance 
of pneumococa to drymg at difierent temperatures and the effect of dayhght 
vere recently restudied by Stillman (21 22) 

Epidemics mvolvmg multiple cases m families or m institutions, m vrhich 
direct contagion teas traced, have been desenbed either separately or m con- 
nection rath outbreaks m small communities In some of them, the pneumococ- 
cus rras identified by culture or mouse moculation at least m a number of cases 
(23 24), ivhile others lacked bactenologic data (25-2S) Azema (25) related a 
number of instances mcludmg some from his oroi expenence, of direct conta^on 
among persons occupymg the same room, of spread not only rathm the same 
family but to contacts outside of the family, and of pneumoma contracted by a 
physician from his patient and transmitted m turn, to members of his oroi house- 
hold Outbreaks of focal pneumococcal infections have been recorded both m 
association rath pneumoma (29, 30) and mdependently (31) Axem'eld (31) 
described an epidemic of pneumococcal conjunctiatis m children many of rvhom 
had colds at the time, and Antomu (29) and Rey (30) observed many cases of 
otitis media, accompanymg pneumoma m some instances, and identified the 
pneumococci m the purulent aural discharge 

Pneumoma acq^uired m foundhng homes rras recognized as an important 
cause of the high death rates m infant asylums Jacobi (32), m 1S72, listed this 
disease as one of the chief causes of death durmg then stay m asylums, of babies 
rvho rrere healthy on arrival 

In the pneumonias that occurred durmg the construction of the Panama 
Canal (33 34) and m the South African mmmg camps (34 35) trro important 
factors bar e been stressed, namely overcrorvdmg and the high attack rates m 
nerv laborers rathm a short time of then arrival The factor of direct contagion 
was not considered important by ilaynard (35) but it was clearly recognized 
at Panama, where the epidemic spread of the disease was stopped as soon as the 
laborers were permitted to build then own huts m the neighbonng hills or to 
live with then families m the cities (34) 

B ^.CTEPJOLOGIC METHODS APPLIED TO THE EPIDEMIOLOGY OF PXEEMOXIA. 

It IS well recognized that, m pneumococcal infections as m other diseases, the 
rehabihty and the efficiency of the laboratory methods used m isolatmg and 
identujmg the pathogenic strains of organisms mt olved are of paramount im- 
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EAEI/Y EEPORTS DEALIXG WITH THE COXTAGIOtTSXESS OF PEXTJJIOXU 

Ivumerous epidemics of disease considered to be pneumonia were described 
prior to the discovery of the pneumococcus A'fost of these have been reviewed 
by Husch (5), and many were re^uewed by Woods (6) and by Gunde] (ba) 
In the Amencan hterature, Wells (7) presented an annotated chronologj^ of 222 
epidemics m all parts of the world from 1440 to 1880 hlost of those recorded 
occurred m Italy, France and Switzerland, and they mcluded a great vanety of 
special classes or groups of mdi%’iduals For example, some mvolved onlj’ 
children, others only natives, while a number were limited to schools or occurred 
on board ships From the description of some of these epidemics, there is reason 
to beheve that man}’' which are mcluded as examples of pneumonia m realit}”' 
constitute a vanety of diseases Also, m many of the epidemics where it ma,y 
be presumed that pneumomas did occur, they were probably secondary to other 
diseases and very likely were not caused by the pneumococcus Certamly the 
most extensive outbreaks which assumed pandennc proportions were associated 
■with other infections, notably mfluenza As Heffron (8) has pomted out, it 
seems improbable that any extensive outbreaks of lobar pneumoma, that is, of 
pneumococcus pneumoma, have ever occurred While pneumonia may mcrease 
m prevalence m wide areas and even m large portions of a whole country during 
some seasons, it is the localized outbreaks which have been the most impressive 
and have comprised the bulk of the hterature 

The pneumococcus was first isolated from the sahva of peisons without pneu- 
moma and was later identified as the causative organism of this disease (9) 
This naturally led most of the earher mvestigators to consider pneumonia to be 
an autogenous infection (10) and, while epidemic outbreaks were recogmzed, 
then occurrence was often ascribed to envuonmental factors or to factors which 
depress the resistance of the mdinduals Similar opimons have been current 
until very recently and are probabl}’" still held by a number of elmicians (11) 
The ideas concerrung the epidemiolog}’- and contagiousness of pneumoma dunng 
the early history of the pneumococcus were renewed by hlendelsohn (12) 
As early as 1888, however, Netter (13, 14) brought forth endence, mostly on 
climcal grounds, for the contagiousness of pneumoma He recogmzed many of 
the important epidemiological features of the disease, as v ell as the part played 
by the pneumococcus m its contagion He described family outbreaks in n hich 
both pneumoma and other focal pneumococcal infections played a part, even 
m the same household He was able to trace cases to direct contact mth other 
cases, although sometimes this contact was very brief T-vso possible sources 
of contagion were considered one was healthy human carriers actmg as vectors, 
and the other was meit objects, such as clothmg or furniture Instances of 
hospital infections, both from active cases and from com alescents, are cited 
IWiile he considered that the disease could be contracted at a distance, presuna- 
ably through orgamsms suspended m the atmosphere, he found that this did 
not take place at any greater distance than the space of three beds S:e jilso 

found that pneumococci surnied m dned sputum for many months, and he 
recovered them from the dust of a hospital room 
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siderably and that tlieir significance m human infections does not necessanlr 
parallel their Yirulence for mice (S2) IVhen multiple types are simultaneously 
moculated mto a culture medium or into an animal, the yield of each prill depend 
on the numbers of each type that are moculated, on the facihtj- path prhich each 
■will grow m the given medium m the case of the cultures, and on the compara'tive 
■pindence of the strams m the case of animal moeulation This “bacterial antag- 
onism ’ between the different types (S3, 84) can usually be overcome, and all the 
different types eventually can be isolated and identified by “bloclang’ the known 
types by the simultaneous moeulation of homologous immune serum ^lultiple 
types that are not readily picked up by the ordmary methods mav thus become 
apparent (S5-S7) IVith the use of the iSTeufeld method, this ‘fiilockmg ’ pro- 
cedure IS rarely necessary, smee with the direct typmg all the types can usually be 
identified from the same medium The procedure may still be employed if it is 
desired to obtam the various organisms m pure culture 
Before the Xeufeld method of typmg came mto general use, it -was necessary 
to moculare the suspected materials mto mice either directly or after preliminary 
mcubation m smtable flmd media as already mdicated The peritoneal exudate 
of themouse or a culture of its heart s blood, or both, were typed after the animal 
died or was saenfied Usually subcultures were made on blood agar plates, 
mdi-pidual typical colomes vrere picked and subcultured in flmd media and then 
typed after they were identified by morphology and bile solubihty For the 
most part, the typmg ■was earned out by macroscopic agglutmation, but some- 
times it •was done microscopically (SS) The shde agglutination could also be 
apphed to pentoneal exudates ■withdrawn by capillary pipette ■without saenfiemg 
the mouse (SS) At present, the “QueUung” reaction for typmg may be apphed 
at any stage of these procedures Even mdividual colomes may be emulsified 
and typed directly m this manner If one is mterested m idennfymg a smgle 
type only the homologous serum need be used In any case, after one type is 
determined further serums need ordmanly be used only if organisms are seen 
which do not show the ti'pical reaction -with serum of that type The char- 
acteristic morphology and swellmg, when they are obtamed only ■with serum of a 
smgle ti-pe. may be comidered as essentially co nfirmin g both species and type 
If capsular swelling occurs ■with antiserums of more than one type it may be 
necessaiy-, m order to eliminate possible cross reactions to pick characteristic 
colomes and then subculture and identify them 

Obviously many of these procedures may be eliminated because they are not 
hkely to taeld enough additional information to -warrant the time materials 
and effort On the other hand, if too many of these procedures are elimmated, 
a large number of strains may readily be missed The detection of variants of 
type-specific pneumococci (S&-99) [which have lost their virulence, tj-pe-speci- 
ficita- and the smooth character of colony gro-wth on smtable sohd me^ may 
require special care At times, it is possible to cause these “rough strains to 
revert to their smooth character and ongmal mouse virulence by animal passage, 
and the organis ms then regam their tj^pe-specific character Smee such rough 
strains have been recovered from ammals (92), from human earners (79) and 
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portance in the interpretation of tlie results of epidemiologic studies ^ The 
fact that pneumococci can be classified accurately mto specific t 5 'pes which \ary 
considerably in their patbogemcity has been of great help, not only in identifying 
the causative agent m patients with manif est infection, but also m tracing the 
spread of these organisms among the healthy and the infected 

In addition to the obvious necessity of usmg proper media, which usually 
means nutnent broths to which serum or defibrmated blood is added (36), 
three special aids have been of particular importance m pneumococcus epide- 
miolog 3 '^ They are the use of mouse moculation (36), the extension of the classi- 
fication of pneumococci to mclude the strains which were fonnerl}’’ classified 
as Group TV' (4) and the direct tj^pmg b 3 ' use of the specific Quellung reaction 
of Neufeld (37-^3) 

The importance of mouse moculation as a means of isolatmg pneumococci, 
when present m small numbers and particularly when mixed with other organisms 
of the common respiratory^ flora, is well recogmzed In general, the results of 
mouse inoculation have been highly rehable (44) and usually^, but not always 
(45), there is a considerable number of instances m which ty'pes revealed by the 
mouse moculation are imssed by cultural methods alone (46-48) 

By means of the Cooper ty^ies (4), it is usually possible to classify all but a 
minor residue of the pneumococci isolated from aU sources (4, 8, 49-54), but in 
some studies on normals there may stdl be a high residue of untj^ied pneumococci 
(55, 56) 

jSIost of the earher epidemiologic studies revolved about Ty^pes I and 11 
pneumococci as the important types m adult lobar pneumoma, and Type III 
as the commonest type m healthy earners (36, 57-64) Smee some of the newer 
types are more important than any of these three types m the infections of 
inf an ts and children, the study of outbreaks among them has been made possible 
by this extended classification (54, 65-68) Further refinements have recently 
been described which concern some additional new types and other types related 
to those already described (69-76) They are probably not of veiy great im- 
portance from a general epidemiological pomt of new, but they’’ may^ be im- 
portant m some outbreaks 

The Neufeld method of typmg has made possible the identification of pneu- 
mococcus types directly^ from sputum or other infected materials and from cul- 
tures even when the organisms are present m relatively small numbers and m the 
presence of numerous other bactena (37-43) It has been of the greatest value 
m recent epidemiological studies (45, 48, 56, 67, 68, 77—81) In most instances, 
multiple pneumococcus types from the same source, such as sputum, nose or 
throat cultures or peritoneal exudates of mice moculated -with such matenais, 
can all be accurately^ identified before they are isolated m pure culture 

With respect to mixed cultures of pneumococcus types, it is recognized that 
these multiple types may be present m different numbers m the same mdi’ndual, 
that the patbogemcity of the individual types for human bemgs may vary' con- 

1 The vanous methods of isolating and typing pneumococci are reviewed in pp 614 to 
645 of Heffron’s book (8) 
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phaiynx and over both tonsillar fossae It is preferable to have the swab 
wrapped on the bent end of a phable wire which is passed behind the soft palate 
to one side of the uvula and rubbed against the posterior nasopharynx The 
swab IS then streaked across a blood agar plate and placed mto broth containing 
serum or deSbrmated blood (preferably of a rabbit) The latter is mcubated 
until any blood cells present have settled and a diSuse hazt- growth appears m 
the medium This usually requires from 4 to S hours The culture may then 
be exammed by the Xeufeld method but unless there are adequate numbers of 
pneumococa it usually is necessary to moculate a mouse with about 0 5 ml 
of this growth and then to exarmne the peritoneal exudate etc as m the case of 
sputum 

Xasal culturest^re best made by usmg a cotton swab moistened m sahne (or 
broth, which is even better) and rotatmg it m both nares The swab is then 
treated m the same manner as the pharyngeal swab A more satisfactory 
method whenever apphcable is that used by Xeufeld (103 104) This m- 
volves fl ushin g each nostril with sahne (or broth) and coUectmg it as it comes out 
of the opposite nostril Such material from persons with nasopharyngeal m- 
fections can often be exammed- sansfactonly by direct Xeufeld tvpmg or it is 
streaked on a blood agar plate and inocvilated mto a mouse and then treated the 
same as sputum It is most important to mclude nasal cultures when dealmg 
with infants and young children (56 62, 67) 

The amount of eSort expended on any given specimen will depend to a large 
extent on the importance attached to the results For example, u‘ materials 
are bemg collected merely to determine the mcidence of earners the mdividual 
results are not so important and the simpler methods are employed On the 
other hand L uraemg the source of a smgle infection or of an outbreak it may 
be advisable to use many more procedures and these may profitably be repeated 
before any suspect can with assurance be ehimnated as a source of contagion 
Furthermore if it is desired merelv to establish the presence or absence of pneu- 
mococci of a given tj-pe subsequent precedures can be omitted as soon as that 
type has been identified In many instances only the ongmal matenal or the 
first culture on a flmd or sohd medium will provide the answer 

The extensive use of sulfonamide drugs has raised new problems which may 
have a bearmg on the epidemiology of pneumoma Fewer positive cultures are 
obtamed m patients treated with sulfapyndme or sulfathiazole than m those who 
do not recat e such treatment (105) Pneumococci of the same or of different 
types have been shown to vary m their susceptibihty to the acnon of suh'onamide 
dmp both in iitro and m therapeutic expenmen'^s m nmmnb (106-112) 
Resistance or “fastness’ to these drugs may be mduced m previously susceptible 
strains in iiiro (112 113) and similar changes apparently occur m human m- 
fecnons as well as m experimental infections m animals when sulfonamide therapy 
is used (110, 112 114r-117) Drug fastness however m no way alters the tvpe 
specificity morphology or virulence of the pneumococci (115, 117) Fastness 
to one effective stJfonaimde drug is usually associated with resistance to other 
suffonamide derivatives as well (112 IIS) The frequency with which strains 
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from patients mth pneumoma (96, 99), tlie3’^ ma}’’ plaj'’ some lole, as 3'’et unde- 
termmed, m the epidemiolog}^ of pnemnonia It is not known whether com er- 
sion of lough strams to smooth ones of tsTpes other than those from which the}' 
are denved occurs spontaneously m the hrung host the same as it does m expen- 
mental animals (90, 97, 98) In fact, it is not even known whether rough \ anants 
m human bemgs ever become smooth in their ongmal host, although in some 
instances nont3'pe-specific strains have acquired specific t3'pe characteristics 
upon mouse passage after their ongmal isolation (79, 99) 

Other factors, m addition to the cultural methods, may be of equal or ei en 
greater importance The sources of the matenaJs obtamed for culture, the care 
with which these are collected and handled, whether from a smgle or from mul- 
tiple sources and the number of times such cultures are taken — ^all these factors 
influence the 3aeld of positive cultures and the number of t3'pes obtamed from 
any given mdiindual or group (56, 60, 79, 87) 

In the culture of materials from air, dust, skin and fomites, solid media (blood 
agar plates) are sometimes seeded directl}' Methods similar to those used in 
isolatmg hemol5’tic stieptococci from correspondmg sources ma3' be used for 
coUectmg the materials (100, 101) Swabs moistened with salme or, better 
still, with broth, if feasible, are rubbed on the matenals m question and then 
streaked on the surface of the media Further cultures m suitable broth medium 
and mouse moculation of some of this medium, either with or without prehminaiy 
mcubation, are highl3' advantageous (57) The scrub water used for washmg 
the hands ma3’’ be emplo3'ed for makmg quantitative cultures from the surface 
of the skm (102) 

For the culture of materials from cases or earners, one cannot be dogmatic m 
recommendmg the best procedures to follow m order to obtain the raa'amum 
5aeld of positive pneumococcus cultures and the largest number of t3'pes from 
an}' given specimen with the minimum expenditure of tune, matenals and eSort 
hluch will depend on the particular matenals bemg studied From personal 
expenence and from the results reported by manj' other workers, the following 


procedures are recommended 

For sputum, nasal discharge or other purulent matenals (1) Direct examina- 
tion b}' the Neufeld method, and a Gram stam to serve as a rough guide to the 
morpholog}' and general bactenal flora (3) Direct moculation of blood- 
(or serum-) broth and blood agar plate, and exammation of the resultmg culture 
or of characteristic colonies from the surface of the blood agar plate b}’ Gram s 
stam and the Neufeld method (S) Mouse moculation of the matenai, intra- 
pentoneaUj', and exammation of the exudate withdrawn after an mten al of 3 
to 8 hours, dependmg on the number of organisms seen m the ongmal prepara- 
tions (4) Further procedures, such as exammation of the pentoneal exudate 
and heart’s blood of the dead or sacrificed mouse and of characteristic mdmdua 
colomes from blood agar plates seeded with these matenals, are usuall}' only 
confirmatory and rarel}' yield additional data of value in fact, even procedures 


(2) and (S) usuall}' prove redundant 
For phaiyngeal cultures A swab is rubbed thoroughl}' 


over the postenor 
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inlectuig organisms mto a terminal bronchus and to msure their remammg m 
place for some tune by suspendmg them m a thick starch paste A prelunmary 
mjection of morphme sufficient to reduce the bodj* temperature and apphcation 
of cocame to the larjmx have also been used These procedures presumably 
inhibit some of the reflexes ordmanl5' active m ehmmatmg bactena from the 
respuatory tract (135) Likeivisej alcohohc mtoxication and anesthesia seem to 
alter the local reaction of the tissues of the mouse (136-138) and the rabbit 
(139, 1-10) and permit mvasion of the tissues Even the immune mechanism may 
be inhibited under these conditions and organisms maj' remam nable ni situ 
long enough to multiply, after which they maj’^ spread and mvade 

Active immunization b3’ means of vaccmes mjected mtravenouslj’, subcu- 
taneouslj^ or mtrapentoneallj^, or passive immnmt}^ -with antipneumococcus 
serum, usuallj’ prevents infection bj* inhalation or b3' the mtranasal or mtra- 
bronchial routes m mice, rabbits and monke3's (127, 133, 134, 141) The great- 
est protection from active immunization is against pneumococci of the homol- 
ogous t3T3e, but some resistance to infection with heterologous ti'pes also occurs 
Specific antiserums, however, protect onl3' against the homologous 13^)6 (127) 
In partialli’’ immumzed mice, localization of infection icia.y take place m the 
lungs (127, 137), but the same ma3' not be true of rabbits (138, 139) Normal 
or partiall3^ immune annimals which sunnve infection b3- the respirator3' route, 
or which fad to become infected after inhalation or after nasal instillation of 
hvmg pneumococci, develop resistance to further mfection either with or without 
the development of transferable antibodies (126, 128, 133, 142-146) ]\Iice 
and gumea pigs which sumve spra5-mg or mtranasal infection ma3' be- 
come earners (103, 104, 127, 132, 134, 147) Some earner mice, however, ma3* 
succumb to septicenua as long as 15 da3-s after infection (127) Some degree of 
resistance may be acquired b5' repeated inhalation or mstiUation of dead pneu- 
mococci (126, 148) 

Pneumococcus Comers among Healthy Animals Pneumococci have been cul- 
tivated from the upper respuatoi^^ tract, and occasionall5' from the lungs, of 
apparentl5’ health3’ animals of a vanet5' of species, mcludmg gumea pigs, rabbits, 
horses, calves, dogs, monke3s and the brown beai (20, 103, 104, 147, 149-160) 
In some of these animals there ma5- be an associated focal mfection, such as 
smusitis or rhmitis m the gumea pig (103, 147) and lung abscess m the horse 
(153) In gumea pigs the3" are found most frequentl3’- m the jiresence of upper 
respirator3' infections (104) The earner rate usualb" rises durmg epidemics and 
IS highest after the epidemic subsides 

^lost of the pneumococci found m normal animals have not been identified 
serologicalli’, and those that were fell mto Group R’ (157-161) In the course 
of one outbreak of T3'pe II pneumoma m monkei-s the exposed nnimnlg which 
did not have manifest infections were found to harbor the same t3-pe (158) 
T3'pe XIX pneumococcus was found to be the most prevalent ti-pe m both 
health!' and mfected gumea pigs of vanous laboratones and dealers m Berlm 
and elsewhere m Germany For this species, T.vpe XIX was found to be more 
imilent than Tiqie I pneumococci Followmg the simultaneous mtranasal 
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encountered chmcall3^ are found to be resistant, when moderate numbers are 
subjected to therapeutic concentrations of sulfonamide drugs, is probably not 
vei^’’ great (105, 110, 112, 119, 120) It is probablj'’ not of great significance at 
present except as an aid m explauung certam chmcal failures from ehemother- 
(105, 110, 112, 120) The possibi!it5’’ of epidemics of infections mth sul- 
fonamide-fast strains m the future must be considered (121) A number of 
methods have been proposed for the recogmtion of sulfonamide-fast strams 
(110, 112, 119, 122) These usually depend on a comparison of the groirth of 
the organism on suitable media, with and without the bactenostatic drug The 
procedure may sometimes be hastened bj"- the use of mice (120) 

PlsTEmiOCOCCAI/ mFECTIOXS IN’ AXIMALS 

hlost of the hterature on pneumococcal infections m animals is concerned \nth 
studies of experimental infections carried out for various purposes - In this 
renew, we need consider onl3’’ such aspects of these studies as concern the at- 
tempts to produce infection b3'’ what nught be considered as “natural” routes, 
namety, by inhalation or by mtranasal administration Some of the more 
relevant recent obseivations concermng the occurrence of pneumococcus earners 
and of spontaneous infections and epidemics m animals ■will also be summarized 
Experimental Infection of Animals by “Natural” Routes Natural infection, 
occurrmg simply as a result of inhaling pneumococci, is probably qmte rare in 
the common experimental animals hlice, which are highl3’’ susceptible to 
infection b3’’ the mtrapentoneal or other parenteral routes, usually resist m- 
fection b3’' inhalation of pneumococci m a spra3’^ (123) Virulent pneumococci 
may disappear from the respiratory tract of mice even when they are spra3"ed 
with infected blood3'^ sputum from pneumoma patients (124) Most of the 
inspired organisms probabty fad to get below the lai^mx Presumabb’’ the3’’ are 
filtered out chiefly m the upper respiratorj^ tract, and those that do get down 
lower are ehmmated m vanous wa3^s (125) Stillman (123) considered the 
normal lung of the mouse to be an unfavorable site for estabhshmg infection 
Some organisms, however, probabty do gam access to bod3’^ tissues followmg 
inhalation and, although they nia3’’ not multiply, the3’^ may still mduce an im- 
mune response, especially after repeated inhalations (126) 

Pneumococci vai3’’ m then abdit3' to produce infection b3’^ inhalation This 
ma5’’ depend m part on the t3'pe and iirulence of the stram and on the number 
of faactena inspued, and the rabbit may be more susceptible to infection m this 
manner than is the mouse (127—131) Different strams also varj^ m their 
abiht3^ to produce infection b3' the mtranasal route (131-134) l^mdence for 
mice, as measured by infection either through inhalation or b3^ mtranasal m- 
stiUation, IS largelj’^ mdependent of mtrapentoneal inrulence (130-132, 134) 
Presumabb’’ other factors m the lung that are not clearly understood are 
also necessary m order to establish infection (123) For the production of 
pneumococcus lobar pneumonia m the dog (135) it seems necessar3' to place the 

- The hterature on expenmental infections is summanzed on pp 201 to 232 of HeSron s 
book (S) and also in Chapter VI of White’s book (9) 
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type pras recovered from many healthy gumea pigs In one small epidemic m 
that ciTv the organisms vrere mucoid pneumococci that could not be identified 
serologically (lOi) Branch (167) found a pneumococcus of lotv virulence that 
tvas not Tt'pe 1, 11 or HI m an outbreak among his gumea pigs Several strains 
that he tested vrere all related bv their agglutination reactions and probably tvere 
of the same type The organism recovered from a spontaneous infection m a 
rabbit vras likevrise a Group stram (171) Such strains have been reported 
from most epidemics m vrhich typmg vras attempted (157 161 176) 

In one of the epidermcs among monkevs the Type II pneumococcus vras found 
m all infected and contact animals (15S) In another outbreak m monkeys 
(170) Group IT pneumococci mere cultured from the lesions of infected animals 
and shovm to belong to two serological groups The animals havmg the re- 
lated strains mere m contact mith each other and became ill at about the same 
tune In this epidemiCj only the animals of tmo lots mere mvolved and those of 
a third lot escaped infection completely In the latter the animals mere kept 
separated math only tmo in a cage mhereas the other tmo lots had been kept 
under cromded conditions 

Taccmation mas employed m several of the outbreaks Mem infecnons did 
not occur after the vaccination (15S, 165 166) In one outbreak vaccmation 
mas mithout effect mhen care mas not taken in the choice of a stram for the vac- 
cme TThen the infections occurred dunng the follommg year homever the 
epizootic mas promptly stopped by vaccmation mith a stram isolated from one of 
the sick animals (165) Among gumea pip it may be necessary to exclude all 
animals havmg nasal mfections as mell as all carriers and m addition to vacci- 
nate the entire stock m order to avoid epidemics (104) Combmed mtraperitoneal 
and mtranasal serum administration mas found necessary m order to ehmmate 
the earner state m gumea pigs (177) Ethyl hydrocupreme had no effect m the 
treatment of the infection (1641 or on the earner state (1771 

TThile spontaneous epidemics m animals are usuallv difficult to reproduce 
experimentally and most attempts have failed (163, 167) it has been found 
possible to infect normal noncamer mice and gumea pip by exposure to infected 
gumea pip Even earner animals can transmit the infection (147) Mice 
infected mtranasaUy can transmit the infection by contact mith normal mice 
(132) but It has not been spread from mice infected by inhalation (17S) Hemo- 
huic streptococci and Fnedlander s bacillus infection of rmce hkevnse failed to 
spread by contact from animals infected by inhalation (1791 

OCCtTRKEXCE OF TYPE-SPECIFIC PXECXIOCOCCI PX PXEtTXIOXTA -VXD FX 
HEAETHT CYKRIEKS 

It has already been noted that the pneumococcus mas first isolated from the 
sain a of normal persons The occurrence of healthv earners of pneumococci 
therefore has long been appreciated As early as 1905 Park and Wilhanis (ISO) 
pomted out that pneumococci obtamed from patients with pneumonia are pre- 
dommanth t\-pical strains mhereas those isolated from healthv mdmduals 
mclude a higher percentap of atj-pical ’ strams Dunng the mrnter months 
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mfections mth equal numbers of organisms of these two tjqies, the Tjq)e XTY 
gave rise to infection and the organism persisted after the infection subsided, 
while the Type I organisms disappeared rapidly This is the opposite of what 
happens m mice under the same conditions, that is, the Tj’pe I orgamsms give 
nse to the infection and rapidly displace the I^-pe XIX organisms (104) A 
large proportion of the stock gumea pigs may be earners durmg an outbreak 
(157, 158) and the high percentage of pneumococcus earners maj' persist m the 
colony for several months after the epidemic subsides (157) In normal mon- 
kej’^s, exammed shortlj'' after thej'’ were received from the dealer, many strains 
of human pathogemc bactena are foimd, mcludmg Tj-pes III, R^, V, ^TI, 
^^[II, XIX and XXfl pneumococci (149) Some aiurulent strains have also 
been found (160) 

Spontaneous OutbreaJeS among Animals Most of the earl 3 '’ reports of spon- 
taneous pneumococcal infections m animals were renewed bj’’ Smith m 1913 
(162) and bj’^ iMej’^er m 1928 (163) Outbreaks have most frequently been noted 
among gumea pigs (104, 147, 153, 155-159, 161-169) New amvals m the stock 
have been particularly affected m some outbreaks (159, 164) Newborn animals 
maj' acqmre upper respuatory infections early, and then die of pneumoma 2 or 
3 months later (104) Newborn calves are particularly susceptible (154) 
Some of the outbreaks have mvolved mostty adult gumea pigs (165, 166), 
with a high rate of abortion and a high fatahty rate among the pregnant females 
(104, 166) Epidemics have also been observed among monkeys (158, 170) 
Among the latter animals, the infection usually is associated with typical lobar 
pneumoma, frequentlj’ bilateral, while among gumea pigs there is a pnmarj’’ 
septicemia with focal mfections, such as pencarditis and purulent pleunsj’^ and 
some at 5 ’pical pulmonary' lesions Spontaneous infection m a rabbit, presum- 
abh’ au borne, has also been reported (171) 

The factors most frequentlj’^ considered to predispose to the epidemic mfections 
m nniTnals are crowdmg (163, 170), especiall 3 ’' m dark and dirt 3 '' cages, some m- 
definite lowermg of resistance of mdindual animals, particularl 3 ’- through m]ur 3 ' 
or experimental procedures (153-157, 159, 163, 164, 172-175) or through some 
supposed dietar 3 ^ defect (159, 162, 165, 172, 176), pregnancy (104, 166), other 
superimposed infections, particularl 3 ’^ with Pasteurella (157, 162, 163, 169), 
and season (162, 165, 167), which has been related to diet and to chiUmg (155, 
156, 159) ^ Some of the epidemics have subsided durmg the summer months, 
onl 3 ^ to recur m the fall (159, 162, 165-167) In one epidemic, pneumococci were 
cultured from the nnimnl feed (ha 30 and were also recovered from blood agar 
plates exposed to the au and dust of the cages housmg the infected animals 
(157) 

The pneumococci recovered from a senes of outbreaks among gumea pig= m 
various dinsions of the Robert Koch Institute and m the Berhn department of 
health laborator 3 ' were all identified as T 3 'pe XIX and, as already noted, this 

nVoolej and Sebrell (332) have recentlj shown that a deficiency of nboflaynn or thia- 
min increases the susceptibility of mice to a fatal evpenmental infection with pneumo- 
coccus Type I by the intranasal route 
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type Mas recovered from many healtliy gumea pigs In one small epidemic m 
that city the organisms Mere mucoid pneumococci that could not be identified 
serologically (lOi) Branch (167) found a pneumococcus of Iom nrulence that 
Mas not Ti-pe I, II or III m an outbreak among his gumea pigs Several strains 
that he tested Mere all related bj- their agglutination reactions and probably Mere 
of the same type The organism recovered from a spontaneous infection m a 
rabbit Mas hkcMise a Group It’ stram (171) Such strains have been reported 
from most epidemics m Mhich ti.*pmg Mas attempted (157 161, 176) 

In one of the epideimcs among monkei's the TiTie II pneumococcus Mas found 
m aU infected and contact ammalf; (loS) In another outbreak m monkeys 
(170), Group It’ pneumococci Mere cultured from the lesions of infected animals 
and shoMD to belong to tMO serological groups The animals hanng the re- 
lated strains Mere in contact Mith each other and became ill at about the same 
tune In this epidemic, only the animals of tMO lots Mere mvolved and those of 
a third lot escaped infection completely In the latter, the animals Mere kept 
separated, Mith only tMO m a cage, Mhereas the other tMO lots had been kept 
under croMded conditions 

Taccmation Mas employed m several of the outbreaks XeM infections did 
not occur after the vaccmation (loS, 165, 166) In one outbreak, vaccmation 
Mas Mithout effect Mhen care Mas not taken in the choice of a stram for the vac- 
cme When the infections occurred dunng the foUoMmg year, hoMever, the 
epizootic Mas promptly stopped by vaccmation Mith a stram isolated from one of 
the sick animals (165) Among guinea pip, it may be necessary to exclude all 
animals haiang nasal infections as mcU as all earners and, m addition, to vacci- 
nate the entire stock m order to avoid epidemics (104) Combmed mtrapentoneal 
and mtranasal serum administration Mas found necessary m order to elumnate 
the carrier state m gumea pip (177) Ethyl hydrocupreme had no effect m the 
treatment of the infection (164) or on the earner state (177) 

While spontaneous epidemics m animals are usually difBcult to reproduce 
experimentally, and most attempts have faded (163, 167), it has been found 
possible to infect normal noncamer rmce and gumea pip by exposure to mfected 
gumea pip Even earner animals can transmit the infection (147) Mice 
mfected mtranasally can transmit the infection by contact Mith normal mice 
(132) , but it has not been spread from mice mfected by inhalation (17S) Hemo- 
hhic streptococci and Fnedlander’s bacdlus infection of mice hkeMise faded to 
spread by contact from ammals infected by inhalation (179) 

OCCGBREXCE OF TYPE-SPECIFIC PXETJMOCOCCI IX PXEUMOXIA AXD IX 
HEALTHY CAKRIERS 

It has alreadv been noted that the pneumococcus Mas first isolated from the 
saliA a of normal persons The occurrence of healthv earners of pneumococci, 
therefore, has long been appreciated As early as 1905, Park and H'llliams (ISO) 
pomted out that pneumococci obtamed from patients Mith pneumonia are pre- 
dommantly “typical” strains, Mhereas those isolated from healthy mdmduals 
mclude a higher percentage of ‘ atypical” strams Dunng the Mmter montlis 
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found tj’pical pneumococci m the throat secretions of a large percentage of 
healthy persons, both m the city and m the countrj'^ They felt that pneumonia 
should be considered contagious and that steps should be taken to contiol its 
spread thiough expectoration Longcope and Fox (181) found pneumococci 
irregularty m 40 to 50 pei cent of normal persons and recognized that some m- 
dinduals maj’’ be peisistent carneis Hiss (182) noted a similar frequency of 
healthy earners, but found the mcidence to be higher when repeated cultures 
were made He felt that aU persons probabty carrj'^ pneumococci dunng the 
wmtei months, and considered that these pneumococci may be i elated to some of 
the common colds Goeters (183a) cultured pneumococci fiom 82, or 46 pei 
cent, of 202 noimal lungs All of these pneumococci were found to be Group 
'"X”, and m 57 of the lungs these pneumococci were the onl 3 '’ or predommant 
organisms Norris and Pappenheuner (183b) found pneumococci and strepto- 
cocci m both noimal and diseased lungs m piactically all persons at autopsy 
The 3 '' did not feel, however, that these organisms weie necessaril 3 ’’ present m the 
lung dunng hfe 

Soon after the mtioduction of Dochez and Gillespie’s (3) classification of 
pneumococci, epidemiologic studies showed that Tjqie I and T 3 q)e II organisms 
were mtimatety associated with pnmar 3 '^ lobar pneumoma and were found almost 
exclusivety m relation to this disease The pneumococci isolated fiom healthy 
earners were usuall 3 ^ foimd to be either T 3 T)e III oi imclassified strains, which 
were mcluded m T 3 'pe W or what should preferably be called Group IV (Group 
“X” m the German hterature) T 3 qDes I and II pneumococci were found m 
health 3 ’^ earners only when they had been m mtimate contact with cases of lobar 
pneumoma (46, 57, 58, 69, 184-194) VTiile pneumococci other than T 3 T)es I 
and II were also found to give nse to cases of the same climcal disease, the le- 
lation of earners to such cases was more difficult to establish Bronchopneu- 
momas (46), the pneumomas of mfants (195) and secondary pneumomas were 
usuaU 3 ’^ found to be associated with Group pneumococci In the pneumomas 
due to T 3 '^pe III, factors m the host were often found to play an important role 
(196, 197) In some focal piuulent infections that are not comphcations of 
pneumoma, for example, pnmar 3 '^ memngitis or pentomtis, T 3 '^pes I and H 
were found, but T 3 q)e IH and Group IV pneumococci were predommant m most 
others (46, 191, 198) Under proper conditions, it is sometunes possible to trace 
the spread of Type III pneumococci m spite of this being a common earner 
type (64) 

Practicall 3 ^ all of the new types have been found to be associated, m var 3 Tng 
frequenc 3 '^, with pneumoma of all kmds and with focal infections They have 
also been identified m normal mdinduals without infection T 3 qies R^, V, VII 
and "^TII have been found to be the most frequent of the new t 3 q)es m lobar 
pneumoma of adults (194, 197, 199-204) In bronchopneumonias, the type 
distnbution is similar to that found m persons without pneumonia (199) In 
the pneumomas of mfants and 5 mung children, T 3 iie XR’' has been foimd to be 
most promment and T 3 i)es VI and XIX also rank high m frequency (45, 53, 66, 
205-208) In the pneumomas compheatmg operations or trauma, the Qpe 
distnbution is mtermediate between that found m normals and that found m 
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typical lobar pnemnoma (209) In the pneumonias compbcatmg pregnancy 
and the puerpenum, the distnbution of typ^ is similar to that found in pnmary 
lobar pneumonia (210) 

ilultiple types of pneumococci may be found m the sputum and may some- 
times be obtamed from other sources m patients with pneumoma (53, oi 211) 
This IS particularly true m infants and young children These multiple types 
or pneumococcus plus other organisms may represent either (1) true simultane- 
ous infections, (3) consecutive infections or, (5) most commonly one of the types 
IS etiological and the other is a normal earner type (211) Certam types, tvhen 
found m pneumoma, are usually etiological and when other types are found 
together ivith them the other tt*pes usually are not mvolved m the infection 
This vanes, hovever, m different circumstances Thus m adults either Type I 
n or V when found m a patient with pneumonia, is usually etiological and others 
would be mcidental In infants and children, Types I Xi\ T and VII have a 
similar status Other types may have an mtermediate role, that is they may be 
the significant invader m some cases and merely mcidental organisms m others 
Types n and X 1 X pneumococci play thig role m infants and young children 
In adults Type IT is one of the commonest earner types and rarely gives rise to 
infection It is mterestmg that m experimental infections m gumea pigs, when 
they are simultaneously infected with Types I and \ I \ , only the latter gives 
nse to infection and remains as the earner type while the Type I rapidly dis- 
appears In human bemgs, the relative pathogemcitt* of these types is the 
reverse namely the Type I is more pathogemc than the Type x i x and the 
former usually gives nse to the infection (104) 

The most frequent tj-pes m pneumonia are Types I 11 and m and thej’ are 
prevalent m most countnes (50, 51 203, 204, 20S, 212, 213), although their 
relative mcidence vanes m different locahties (214) even m the same country ^ 
The mcidence of any one type as a cause of pneumonia mav show wide fluctua- 
tions m different seasons m the same locahty, mdependently of the general 
mcidence (194 197 199 201) The distribution of types may also be influenced 
markedly by vaccination m any commumty where that procedure is earned out 
on a large scale (212 215-217) 

In cases of pneumoma pneumococci have long been known to persist m the 
mouth for days or weeks after recovery (218) The causative organism, that is 
the same specific type is usually- demonstrable for only a few days (2 to 3 weeks), 
but It mav persist m some cases for seieral months (57 5S, 184 185, 188, 189, 
213) and occasionally for more than 2 years (62) The causative tvpe m the 
patient is then usually replaced by a normal earner type (184-189) In some 
of the patients who remam earners for a long time, pneumonia of the same 
type mai recur This was demonstrated m one case of Type 11 pneumonia 
by Crmckshank (62) and is probably the explanation for the high frequency 
with which the same type of pneumococcus is found m recurrent attacks of 
pneumoma that occur m the same patient withm a few months (219) 

Some differences hat e been noted m the persistence of the earner state after 

* The dis.-ioatioa oi tvpes a; g-'-he-ed Trom the tvorld lue-ature is given on pp 23 to 
SO o’^ HeSron s book (S) 
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an attack of pneumonia m relation to the mfectmg tj-pes For example, Steb- 
bms and Ins associates (81) found that Tj'pe I pneumococci persisted for con- 
siderabh’ longer periods than Tj'pe \ They suggested that this maj’ account 
foi the much smaller number of Tj-pe Y as compared with the Tj-pe I earners 
that they found m their studj’^ 

About one-fourth to one-half of normal persons hanng no contact with 
pneumonia have been found to carij' pneumococci at any given tune (46, 50, 51, 
59, 60, 184, 189) and almost everj' person can be shown to carrj’’ pneumococci 
m the nasopharjTcx at one tune or another if cultures are taken repeatedly 
(49, 56, 79, 8 / , 184) Thej* are even frequent m infants after the first few months 
of hfe (220) In young infants, however, pneumococci are usuallj' found only if 
they occur also m the mother Seasonal fluctuations occur in the mcidence 
of the pneumococcus earners, and the peaks of mcidence aie highest for the tj-pes 
which are most mtimatelj^ associated with pneumoma, namelj', Tj-pes I and 
II (60, 189) The seasonal variations m the flora of mfants and children is 
the same as m adults (221) Itisrarelj'^ possible to trace the sources of earners 
who have not had immediate contact with eases (59, 60) 

Webster and Hughes (49) classified healthj- mdividuals mto four categories 
with respect to the findmg of pneumococci m cultures from their nose and 
throat, namelj', those who are pneumococcus-free, the transient, the penodic 
and the permanent earners How anj' one person fits mto this classification 
may depend on the thoroughness with which the cultures are done and the num- 
ber of tunes they are repeated (56, 62, 79, 87) At any rate, the same tjqie or 
types maj' be found repeatedlj' m some persons, while m others they may appear 
mtenmttently and, m still others, different tj-pes appear and replace the earlier 
ones which are no longer found m subsequent cultures 

The most extensive studj’^ of the prevalence of pneumococci m different groups 
of mdividuals over several years was made by Straken, Hill and Lovell (194) 
They felt that if swabs are made frequently enough, most mdinduals will be 
found to harbor, even if onlj^ for a short period, most of the tjqies prevalent m 
the area m which thej' live and work These authors also noted that there is 
a tendencj' for each mdividual to establish a dommant flora contauung one or 
more types of pneumococci, which tend to persist over considerable periods 
of time 

The presence of upper respuatoij' tract infections is not ordmarily a deter- 
mimng factor m the mcidence of pneumococcus earners (63, 79, 81, 222) Epi- 
demics of such infections, however, tend to mcrease the spread of the disease- 
produemg types, particularly m the families of cases Gordon (223) noted 
instances of locahzed epidemics m which serologicaUj’ identical strains nere 
mvolved m all cases of a given group The presence of persistent foci m the 
nose, for example — also accounts for certam chronic earners, both m human 
bemgs (45, 62 224) and m animals (103, 104) Persons with simple respuatoiy 
tract infections who develop comphcations m the ears or accessorj smuses 
sometimes jneld pneumococci in almost pure culture (225) 

Among family contacts of cases of pneumoma there is almost alwaj's a ^ ery 
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high incidence of carriers of the same types of pneumococcus that are found m 
the cases' (57-59 63 66 1S7-1S9, 222 226, 227) The highest incidence of 
contact earners is found in the families of Types I and II cass (SO) but other 
types may also be tndespread among family contacts (13 SO 226) An- 
(hrews (53b) found that Types I, T Alt' and shotted the greatest tendency 
to spread by contact, Types HI Till, A ill and AlA showed httle power to 
spread while other types, such as TV. YI IX XI X\ lii and XXHI were 
mtennediate m this respect In the famihes of some cases every member has 
been found to harbor the same strain of pneumococcus 
It IS not usually possible to trace the spread of the earner state withm the 
household of a case The reason for this may be that studies of this sort are 
usually begun after the case is already established and at that tune a high per- 
centage of earners is already foimd in the family (SO) In fact it is uncommon 
to detect new earners of the infecting type m subsequent surveys if adequate 
studies are made dunng the first survey of the family This fact has led SmiUie 
to conclude that the case is not the pnmaiy source of the earner but that the 
course of events m the fa mi ly of a case is more often as follows A virulent stram 
of pneumococcus enters a family from without by way of one of its members, 
It spreads through the family often infectmg all of its members, one of them 
becomes iH with pneumonia and we then become aware of the presence of the 
virulent pneumococcus in the family (SO) 

IVe have been able to trace such a course of events clearly when a smgle ear- 
ner of Type AAli pneumococcus was discovered m a large family which was 
bemg studied for the first time because of an outbreak of Type T pneumococcal 
pneumonia Although the latter type was found m almost every member of 
the household no other earner of Type AAil pneumococci was discovered at 
that tune Subsequently the Type XAJUL organisms spread to most of the other 
members of the f amil y and gave nse to 3 cases of pneumonia The first carrier 
of this type had no evidence of recent infection, but nevertheless had a high 
titer of agglutmins for the homologous type (226) In our studies of f amil y 
contacts of cases (226) we have almost mvanably been able to demonstrate 
homologous type-siiecific antibodies m contact earners of disease produemg 
pneumococci at the time of the first observation, which was soon after the case 
became known This is mdirect evidence that the organisms probably spread 
before the case arose The spread of Type I pneumococci m a commumty (SI) 
and of Type XR' m a hospital ward (6S) before the appearance of clmical cases 
of infection with these types has also been desenbed recentlv 

earners that probably arose from family-contact earners have also been 
aeiected (59) In general the number of earners produced depends on the 
mtimaci of association with actual mfecnon Family contacts have the highest 
mcidence hospital contacts come next and then come the contacts of familv 
earners (591 

Buerger m 1905 noted that certam normal mdividuals could acquire pneu- 
mococci m their mouths while m hospital wards These pneumococci could 
be acquired either from oneumoma patients or from normal pneumococcus 
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earners He also considered the handkerchiefs and eatmg utensils of pneumonia 
patients, and even of normal persons, as possible means of transfer of pneumo- 
cocci from person to person He was able to recover pneumococci from a 
handkerchief one week after it had been used (218) 

The percentage of earners of homologous type pneumococci is usuaUj'’ much 
smaller among hospital contacts of cases, both patient and staff contacts, when 
compared with the high mcidence of family contact earners (63, 188) Never- 
theless, a high percentage of earners of disease produemg pneumococci is often 
found among hospital contacts of pneumoma patients (62, 48) In one hospital, 
18 per cent of the nurses on the pneumoma wards were found to harbor Tjiie I 
and II pneumococci m their pharjmx, whereas these tj^pes were not found m 
nurses of other wards to which pneumoma patients were not admitted (62) 
Other studies have also revealed a large number of earners of these tj^ies under 
smular conditions, although the percentages are not so high (59, 189) The 
differences m these results maj’’ be attributable to the varymg amounts of con- 
tact with cases and to the piecautions taken agamst the spread of infection m 
the hospitals studied 

PNEUMOCOCCAL INFECTIONS ACQUIRED IN THE HOSPITAL 

Pneumoma is not usuallj’- considered to be one of the common nosocomial 
infections New t5T)e3 of pneumococci, however, not present at the time of 
admission to a hospital ward, have been shown to appear m the cultures of the 
nose and throat of patients durmg the course of their staj’’ m the hospital (62, 66, 
228) In addition, the change m the tj^ies of pneumococci lecovered from 
patients with pneumoma durmg convalescence and the high mcidence of disease- 
produemg 151163 of pneumococci among the nurses of pneumonia wards haie 
alreadi’’ been mentioned It is to be expected, therefore, that some spread of 
pneumococcal infections from patients to the hospital personnel and to other 
patients, as weU as from the personnel to patients, will arise The latter are 
probabl 5 ^ the most frequent (228) Reports of instances of such infections m 
the earlier liteiature have alread 5 ’^ been mentioned, but the relation between 
those cases was not verified bactenologicall 5 ' 

Infections of this sort, which have been authenticated by findmg the same 
type of pneumococcus m the contact case and its ongmal source, have smee 
been shown to occur from patient to ph 5 -sician (63, 229-231), from patient to 
nurse (78, 229, 231), from ph 5 -sician to patient (63, 232, 233) and from nurse 
or attendant to patient (229, 234) In some of the reports the circumstances 
surroundmg the contacts are veiy clear and these contacts are known to be 
fairl 3 ’' long, repeated and mtimate m some instances, wlule m others there was 
presumed to be a smgle and fairl 5 ’' bnef contact Ti-pes I, II, III, ITI and 
XXIII pneumococci were miolved m the various groups of cases reported 
Nurses have acquired infection from cases, both m the hospital and on distnet 
duti^ (78) One case which was traced to a ph 5 'sician (232) was a pneumococcus 
Ti-pe I puerperal infection which chmcall 5 ’- began m the hospital, but proi e 
to have been mfected from a district ph 5 ’sician who had a respiratoiy infection 
and was found to harbor the T 5 -pe I organisms 
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There is some e%-idence o! the spread of human virulent pneumococci mthout 
producmg cluneal disease among the hospital personnel The pneumococci 
spread either directly from patients or mdirectly from other personnel ivho are 
m contact rath patients (4S, 62, 68) In some reports there is also mdirect 
evidence offered that many mfechons m hospital patients arose from the per- 
sonnel In such cases, the nerv types which gave nse to the infection m the 
patients were found among the personnel, but the direct transfer of the given 
type was not traced m the mdindual cases (62 22S, 233) 

There are set eral reports of cases of pneumoma due to specific types of pneu- 
mococci which arose on wards where other patients with pneumoma due to the 
correspondmg types of pneumococci were bemg nursed (230, 231, 231-239) 
Types I, H, IT, T, TH. ITII and XET pneumococci have each been imphcated 
m one or more groups of such infections Some of these pneumonias arose m 
patients while they were under treatment for other conditions m the same 
wards with pneumoma patients Others were on the wards convalescmg from 
pneumoma due to one tj-pe, at the time of the onset of a second infection with 
a different tjpe derived from another patient Usually the patient responsible 
for the second infection occupied an adjoinmg bed, but this was not always the 
case A large proportion of the patients died as a result of the vanous infections 
acquired m the hospital wards 

The earhest well authenticated cas^ of bed-to-bed spread of type-specific 
pneumomas were desenbed m the U S Army camps dunng World War I 
(238, 239) Cases of hemolytic streptococcal pneumoma compheatmg recovery 
from rtyiical pneumococcal lobar pneumonia were also desenbed m these camps 
(231, 238-242) and have smee been observed m civilian hospitals (211, 237, 
243-245) From the pomt of view of therapy it is also of mterest that some of 
the recent secondaiy pneumococcic infections arose m patients while they were 
under treatment with sulfapyndme (236) 

OUTBREAKS OF EtFECTIOKS WITH PKEUMOCOCCI OF SPECIFIC TYPES IX 
HOSPITALS AXn OTHER EVSTTrCTIOXS 

In addition to the mdividual instances of pneumoma acquired m the hos- 
pital there are reports of a number of epidenucs of pneumoma which occurred 
among the inmates and the personnel of hospitals for chrome or mental diseases, 
m childrens homes orphanages and other institutions (58, 64, Go, 68, SO 
246-249) We need consider only those m which epidemiologic studies mcluded 
bactenologic mvestigatioiis and pneumococcus t\-pmg m the cases and pref- 
erably, also m the earners m the search for sources of the infection 
Stillman (58) studied two epidemics of pneumococcus Tj-pe I pneumonia, 
one m a boj-s asAlum and the other in a state hospital In the former the 
cases occurred m two donnitones and 10 per cent of the other infected boys in 
these dormitories were found to be earners of Tj-pe I pneumococci In the 
state hospital, 50 per cent of the cases and 10 per cent of the healthy contacts 
were found to harbor the Tt-pe I organisms In both institutions, pneumococci 
Oi" the same type were grown from the dust of the rooms 
Schroder and Cooper (65) reported a rather explosive outbreak of pneumoma. 
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broncliitis and colds m a children’s home Tj*pe V pneumococci were isolated 
from almost all of the pneumonia cases m which bacteriological examinations 
v< ere earned out This was the first time that a tj^pe of pneumococcus formerly 
classified m Group IV was shown to give nse to an epidemic Unfortunately, 
the mmor respiratoi^’’ infections v ere not studied bacteriologically In an out- 
break of Type I pneumococcus infections m an orphanage, however, Strpm (246) 
recovered this orgamsm m cases of pneumoma, bronchitis and otitis media 
In this institution one-third of the children were shovm to be Type I earners 
at the height of the epidemic, and one-sixth of the mmates were still harbormg 
this organism 10 weeks later There was also a high mcidence of healthy Tjpe I 
pneumococcus carriers m the eommumty m which the orphanage was located, 
but none uere found m three neighbormg communities Joppich (247) also 
stressed the fact that pneumococci, even the Type I strains, can give nse to 
simple colds and catarrh The epidemic which he described occurred m a 
children’s home The first case of pneumoma was compheated by T 3 pe I 
pneumococcal memngitis and empyema and the patient died There were 
3 other cases of Type I lobar pneumoma wi thin a few daj’-s At the same tune, 
however, there were 21 other children ill with simple upper respiratory tract 
infections T 5 'pe I pneumococci were identified m 15 of 30 persons m whom 
nasophar^mgeal cultures were made The relation of the pneumococcus to the 
upper respirator}" tract infections, however, is not clear It is possible that 
we are dealmg here with an instance of the spread of pneumococci m the course 
of an outbreak of common colds, viuth the occurrence of pneumonia m a few of 
the susceptibles 

A number of careful!}" studied institutional outbreaks of pneumonia haie 
been reported m the last few years by Smilhe and his co-workers (64, 68, 248, 
249) In one of these epidemics (248), the spiead of Type II pneumoma among 
patients and attendants was attnbuted to a numbei of earners, who themselves 
remamed apparent!}' free of infection The epidemic abated durmg the summer 
months, but then recurred m different wards of the hospital durmg the fall 
The second outbreak was attnbuted to attendants vho had been transferred 
m the meantime from the previously infected ward and proxed to be persistent 
earners The earner state m the cases was found to be shortei than m the 
healthy earners, some of whom harbored the orgamsms from 6 to 12 months 
The wife of one of the earner attendants m this mstitution developed Type II 
pneumoma withm a week of the time he x"isited at home, and the same organism 
was recovered from him shortly after this I'lsit 

An epidemic of T}pe I pneumoma m a state hospital (249) was also attnbuted 
to mfections from carriers In this instance, the T}-pe I pneumococcus earners 
became xndespread thioughout the hospital durmg an epidemic of clmical 
influenza The cases of lobar pneumoma began to appear dunng the course 
of this epidemic and nev cases contmued to appeal for sex"eral veeks After 
this outbreak had subsided, there occurred a fresh epidemic of T}pe I pneumonia 
m another branch of the hospital which vas some distance ana}" from the main 
hospital This fresh outbre^ was traced to healthy convalescent earners nho 
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had been transferred from the main part of the hospital Only one of the cases 
of pneumoma m this epidemic occurred m a earner after the Type I pneumo- 
coccus ivas discovered 

Two .smnll outbreaks were also reported m different schools for feeble-mmded 
(64) In one of these institutions, Tjiie EH pneumococcus pneumonia occurred 
along with several cases of clmical influenza 3Iany of the attacks of influenza 
were found to be associated with pneumococci of the same type This high 
prevalence of Type HI pneumococci was hmited to the one cottage m which an 
attendant had Type III pneumoma, and was not found m other parts of the 
institution which were similarly affected by the influenza In the second 
school, there was an unusually high mcidence of pneumonia and of pneumo- 
coccus earners The tAyies among the earners were grouped accordmg to the 
types found m cases with which these healthy earners came m contact, and the 
high mcidence of these types accounted for the entire mcrease m the number of 
earners Types H’ V, IT and IH were the most prevalent 

In a recent outbreak m an orphans home (6S) Type ZSIH* pneumococci were 
found to be widely prevalent m the children and nurses of one ward before the 
first infection with this organism became manifest m that ward There had 
previously been cases due to this type on other wards The Type XU' pneumo- 
coccus was recovered from cases of pneumoma otitis media, conjunctivitis, 
bronchitis and simple respiratory infections, as well as from normal mdividuals 
In the latter only small numbers of these organisms were found 

EPrOEUICS IX SCHOOLS, DORMTTOEIES ANTD PRISONS 

Another epidemic of Type II pneumococcus pneumoma begmning m the 
course of an outbreak of upper respnatorj' tract infections was described by 
Dauer et al (250) This occurred m a vocational school and was hmited largely 
TO one group of boys In this group cases were found to occur m boj-s occupy- 
mg cots next to persons who turned out to be earners The carrier rate varied 
from 10 to 44 per cent m vanous groups, the highest mcidence bemg found m 
the group m which most of the cases occurred Almost 3 months after the 
outbreak about one-fourth of the boys m the latter group were still harbormg 
Type n pneumococci 

In this school, one case was reported m which the onset of pneumoma as 
judged by the imtial chill occurred 6 days after the patient, along vith a large 
proportion of the other pupils, received an immunizing mjection of homologous 
pneumococcus antigen Tv o of the epideimcs desenbed by Simlhe (24S 249), 
one of Tj-pe I and the other of Tj-pe II pneumoma were effectively ter min ated 
by the vaccmation of the population of the institutions with antigens of the 
homologous tj-pes 

In the epidemic of Tj-pe I pneumococcus pneumoma studied bv IVall- 
bruch (251) the organisms apparently spread among the pupils of a village 
school durmg the course of an outbreak of gnppe ’ Some of the pupds became 
ill with pneumoma and most of the others had mmor febrile illnesses The 
school was then closed, whereupon the mfection spread among the families of 
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the school childieii Part of the fainil 3 ’' contacts then became ill and others 
became healthj* earners Cases of pneumoma occurred m 13 of the 50 famihes 
of the iiUage There were 19 cases of pneumoma, all of which were shown to 
be due to TH^pe I pneumococcus either by findmg the organisms or bj’' demon- 
stratmg the development of antibodies specific for this type, after cnsis About 
two-thirds of the family contacts of the cases were found to be earners of Tj’pe I 
pneumococci and one-half of these earners had rmld upper respiratoi^’' tract 
infections In the school population, which mcluded 39 pupds and 1 teacher, 
there weie 7 cases of lobar pneumoma and 18 more Type I earners 

A somewhat similar spread of Type I pneumococci m a small community 
was reported bj’^ hlacKenzie (56) Here the first case of lobar pneumonia ap- 
peared m a pupd m the pnmarj^ lOom of the school Three-fourths of the pupils 
m this room were found to be earners of Type I pneumococci and they were 
shown to be the vehicle for the spread of these organisms through the village 
There were onlj' 5 cases of lobar pneumoma, but almost one-fourth of the popu- 
lation was discovered to be earners The pnncipal detenrunant of the earner 
state appeared to be the frequency, duration and mtimacy of contact with 
earners Upper respuatorj^ tract infections did not seem to play a significant 
role m the spread of the organisms m this outbreak 
Epidemics of Type I pneumoma were also desenbed m each of two donm- 
tones for transients located m widelj’’ separated parts of a large city (231) 
In one of these bmldmgs, a second outbreak occurred after a lapse of several 
months dunng which no cases were reported One of the patients m this out- 
break had pneumoma twice with the same tjqies Careful studies were not 
made m these two institutions, but it is known that colds were highly prevalent 
m these donmtones T^Tie II pneumococcus pneumomas have also been 
reported with great frequencj' and m recurrmg episodes m a s imil ar institution 
m another large citj^ In this institution there was also a high mcidence of 
earners of Tjqie II pneumococci (252) 

The findmg of pneumococci m the floor filth of a prison m which pneumoma 
was highlj* pievalent (15) has alread 3 ’^ been mentioned A high mcidence of 
pneumonia and pneumococcal memngitis m jails has also been reported to occur 
m the tropics (253) Bonne (254) reported a large number of cases of pneumoma 
m a temporal^’- prison m the Netherlands Indies The disease m his cases was 
exceedmgty severe and was associated with a high fatality rate as well as a high 
mcidence of focal pneumococcal comphcations, such as pencarditis, memngitis 
and pentomtis New arrivals were found to be paiticularty susceptible IMore 
than one-third of the cases were due to T^qies I and II pneumococci, but no 
Tvpe III cases were encountered Proph 3 dactic vaccmation with a mixed 
vaceme contammg T 3 'pes I and II organisms markedli" reduced the mcidence 
of pneumoma and earners of these two tyqies among the moculated prisoners 
When a new batch of earners was transferred from another prison, the earner 
rate m the moculated group mereased much more than among the unmoculated 
An outbreak of pneumoma reported from a German prison camp dunng 
World War I is also of mterest, ei en though it v as not due to the pneumo- 
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coccus (255) In tins cnmp, eTer3’ case that -n-as studied bactenologically, 
■without exception, proved to be due to the Fnedlander bacillus In many of 
the cases, these organisms rvere recovered m almost pure culture for many days 
In a few cases pneumococci and streptococci -were also found, but the Fned- 
lander bacillus -was predominant even m these cases There were 441 cases 
■with 144 deaths m less than 5 months Purulent comphcations and recurrences 
were encountered m some of the patients 

SPREAD OF PKEUAIOXIA IX CEKTAEST DTOtrSTEIES 

Pneumoma is known to be unusually frequent among workers m certam minin g 
(34, 35, 212, 215, 25&-260) and milhng (78, 261-264) mdustnes and m relation 
to some other occupations® (33, 265-268) In the case of certam mills this may 
be associated 'with a high mcidence of earners (78, 262) which, m turn, may 
occasion an outbreak of pneumococcal infections m the community (78) In 
others, the conditions of the work mav predispose to frequent or chrome respira- 
torj- tract mfections, because of inhalation of imtatmg dusts or because of 
unusual climatic exposures (260, 263, 266, 268) Coughmg and sneezmg may 
then result m the spread of respiratorj- pathogens among the workers by droplet 
infection (263) 

In certam mimng regions and m some other occupations, the determimng 
f actor m the spread of the disease may be the h'nng conditions of the employees, 
rather than any circumstances surroundmg the work itself This has been found 
to be true m a certam group of steel workers who hved m small shanties (267), 
among the construction group at Panama (33, 34), among the plantation workers 
m the tropics (265 269) and m the mining commumties m South Africa (34, 35, 
212, 256-259) The crowdmg and mtrmate contact m the sleepmg and h'vmg 
quarters offer the greatest opportumty for the spread of respiratory pa'thogens 
Epidemics have been noted m the barracks (261, 269) and among the families 
of workers (78, 261) Investigations m South Africa, for example, revealed no 
evidence of case-to-case mfections m native miners workmg m the same gang 
underground, but multiple case mfections m the same room m the hvmg quarters 
were more than could be expected from the law of probabihtj- (259) In all 
these mdustnes, the newly amved workers usually prove to be the most suscep- 
tible (34, 260) Bactenologic studies have usually brought out the contagious 
factor m persons hvmg m the same shanties or barracks Onli* those workers 
who have failed to carry out such studies have minimized this factor (35, 268) 
jMany of the pneumomas occurnng m mdustnes are considered to be pre- 
ventable (6) 

THE SPREAD OF PXEUAIOXIA EX MILITART AXD OTHER CAMPS 

Pneumoma was the leadmg cause of death m the army camps m this country 
dunng World War I (238, 270) The most severe outbreaks of pneumonia that 
took place m these camps and accounted for the greatest proportion of this 
mortahti- occurred m relation to epidemics of measles (238-242, 271-276) and 

* See also HeCron (S), pp 31S to 332 
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of influenza (238, 239, 275, 277—280), and were almost alwa 3 '’s associated mtli 
hemolytic streptococci These pneumomas were usuall}’’ atj'pical broncho- 
pneumonias that first began to appear m the camps while the other epidemics 
were prevalent and contmued to occur after the latter had abated In addition, 
m some of the camps numerous cases were reported m which hemolytic strepto- 
cocci were found to give nse to mixed infections or to secondary infections in 
cases of typical pneumococcus lobar pneumoma (238, 240, 242, 276, 279-282) 

The spread of hemoljdic streptococci m the throats of patients admitted to 
pneumoma wards was shown by the mcidenee of positive cultures which mcreased 
progressively durmg the patient’s staj' m the wards In some instances, hemo- 
lytic streptococci were cultured from the dust of the wards (276) It was not 
usually possible, however, to trace the exact sources of contagion, because the 
hemolytic streptococci could not be classified at that time In some of the 
base hospitals, the character of the pneumonias changed abruptly from typical 
pneumococcal lobar pneumoma to the streptococcal vaneties without other mter- 
vemng epidemics (272, 282) In addition, not all of the epidemics of influenza 
were comphcated b}’’ hemolj-tic streptococcal pneumomas (278) 

Although the epidemics of hemoljdic streptococcal infections were highly' 
important, the great majonty of the cases of pneumoma that occurred both 
before and after these epidemics, and many that occurred while they were stili 
m progress, were t 3 Tncal pneumococcus lobar pneumomas (238, 240, 242, 
279-287) As a matter of fact, many cases of lobar pneumoma occurred m 
the regular Army durmg the Mexican War (273, 283, 284), and from a stud 3 ’' of 
some of these cases it was predicted that outbreaks would occur after the mohi- 
hzation (283) Some outbreaks of pneumoma and other pneumococcal infec- 
tions were also described among Colombian soldiers m 1914 and 1916 (269) 
Many outbreaks of such cases were recorded in the various army camps m this 
countr 3 ' A number of the reports contamed careful epidemiological and hac- 
tenological studies The results of some of these studies ma 3 ’' be summanzed 
bnefly 

Types I and II pneumococci were b 3 ’' far the most frequent 13^)63 isolated 
from sputum, blood and purulent compheations, and from the lungs and other 
sources at autopsy Indindual t 3 qies predommated m certam camps or isolated 
outbreaks Epidemics of T3T3e I pneumococcus pneumoma vere reported 
from Camp Jackson (285) and Camp Upton (287), and an unusually high 
prevalence of T 5 qje II cases occurred m Camp Grant (279, 280) 

In man 3 ' of the camps there was endence of duect contagion The cases 
tended to be grouped m tents, m compames and even m regiments Direct 
contagion was demonstrated onl 3 ' when pneumococcus t3T5mg nas employed 
Cultures of health 3 ' contacts also revealed a higher percentage than v ould be 
expected of earners of the disease produemg T 3 'pes I and II pneumococci (284, 
286) Unusual numbers of such earners were sometimes found in mdmdua 
umts {239) The spread of pneumococcus pneumoma from bed to bed could be 
traced in some hospitals (234, 238, 239), as already mentioned T 3 Tie II pneu- 
mococci were especially promment as secondarv^ mvaders m such cases 
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Xevr driitees were especially prone to develop pneumonia and tliose among 
southern negroes tended to be the most susceptible In some camps the litter 
accounted for almost all of the cases of pneumonii occumng dunng certain 
months (2751 

Two of the epidemics of Tj-pe I pneumonia are of especial interest In one, 
the outbreak was limited to a group of laborers who hid recently arrived directly 
from Puerto Kieo (,2S5'' There had just been an epidemic of upper respiratorj* 
infections at the camp and this spread rapidly among the Puerto Ricans attack- 
ing about two-thirds of them Atypical pneumonias appeared during this 
epidenuc and later there appeared cases of npical lobar pneumoma with Type I 
pneumococcus predominatmg The second Type I outbreak is of interest be- 
cause it occurred in troops that had just returned to camp from overseas for 
demobihration (,2S7') Outbreaks of pneumoma are also descnbed during the 
demobihration alter the PTar of 1S12 and these are supposed to have been 
spread to difierent communities by the returmng soldiers (2SS) 

Epidenncs of pneumoma have also been descnbed m nonnuhtarj* camps 
The outbreak of Pnedl inder s pneumonia that occurred m tlie German pnson 
camp has already been noted (255) Hams and Ingraham (77) studied an 
epidemic of Type II pneumonias in a camp of the Ciiihan Conservation Corps 
This began in the fall with a senes of upper respiratora* tract infections, after the 
men had been confined to their barracks for several days because of ramy 
weather Each of the fire barracks m this camp had 1 or 2 cases and from 4 to 
S carriers Among the officers there were only 2 carriers and they had had the 
most contact witn the men Xo earners were detected among the foresters 
who lived m separate quarters In 25 per cent of the c,irners a direct contact 
could be treced with a case, either shortly before or dunng the im'ection Type 
H pneumococci persisted m some of the earners for at least 10 weeks One of 
the cases developed TjTJe II pneumonia 6 days after a culture was made which 
revealed onlv Type XXII pneumococci Immunological studies revealed some 
instances m which the carrier st,ate was correlated with the presence of a high 
titer of the homologous tjuie-spiecific .antibodies 

Mtn-Tipia; cases of rxxunococcAL ntFECxioxs withtf a. famtlt 

It has .already been noted that m the families of cases of pneumococcic pneu- 
monia there is a vorj' lugh incidence of earners of the same niies of pneumococci 
as are found in the cases It is not surpnsmg, therefore, that multiple cases of 
pneumoma occur m the same f annlv Many mstances of fiainily outbreaks of 
pneimiococc.al im'ecnons due to the same type of pneumococcus have been 
reported t-tS 62 7S 226 22P-231 234 235, 237 2S9— 205) The types recorded 
in these groups oi cases include Ta-pes I II R* V YII, )Tn X XII, XTV 
XIX XXII and XXIII YTlule lobar pneumonia was the predominant pncii- 
niococc.al mfeenou m the difierent members of the v.anous fanulies concerned, 
there were inst.ances in winch the pneumococcus gat e nse to ata-pic,al (broncho-) 
pneumomas meningitis otitis, conjunctivins or arthritis in different membeis 
of the same familv (7S 226 202> Inst.ances are also on record of lobar pneu- 
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monia due to the same type m twins (237, 289—291) and of pneumococcal infec- 
tions transmitted from mothers to newborn mfants (296) 

Upper respiratory tract infections are usually prevalent m the families where 
multiple cases of pneumoma or defimte focal pneumococcal mfections occur 
Smce most of these persons with simple infection also carry the pneumococci of 
the homologous type, it is not usually possible to ascertam whether the pneu- 
mococcus IS etiologically related to such infections The development of type- 
specific antibodies m such cases would suggest that they may be related (226) 
Most of the cases occurrmg m the same family have the onset of their infec- 
tions withm a few days of each other (297), suggestmg that they probably arose 
from a smgle source outside of the household It is also possible, as already 
noted, that one health}^ membei of the familj'^ becomes a earner after contact 
with an outside case or earner, and then infects the different members of his 
household moie oi less simultaneously The susceptibles then get manifest 
infection and the others become carneis If it happens, however, that the first 
person to have contact with a new and inrulent type is also susceptible, then he 
wfil get a manifest mfection This course is the less frequent, because most 
persons do not get lU on each contact with such pneumococci 

The secondai^'- attack rate for Type I mfections was found to be highest in 
infants and m children under 4 years, and to decrease m the succeeding child- 
hood and adolescent age groups (78) For all pneumomas m a large part of 
New York State, on the other hand, relativety high secondary' attacks vere 
found only m the extreme age groups (297) Of the secondary attacks m the 
latter senes, 60 per cent occurred m the fiist week, and younger members of the 
household acqmred the secondai3’- mfections more promptlj’' than older ones 
Defimte secondarj^ cases due to the same type and ansmg from contact with 
convalescent earners m the household have also been reported (62, 231) There 
are also mstances of pneumoma acquired m the household of cases b}”' persons 
outside of the family who come m to help with the household duties (235, 295) 
The effect of crowdmg m the homes on the mcidence of pneumococcal pneu- 
moma m a commumty has been shown (298), but this has not been correlated 
defimtely with secondarj*^ attacks m families In fact, onl3’^ families with two or 
three members have shown a secondarj"^ attack rate much above the average 
In such fa mili es, of course, the most mtimate contact is to be expected (299) 

PNEUMOXlA -iCQUIHED IX THE LABORATORT 

This IS probably a very rare occurrence Robertson (300) reported a case of 
a laboratorj^ assistant who acquired pneumonia on two occasions 5 months apart 
The first attack occurred from 30 to 36 hours after he washed a jar that had been 
used for spra5ing experiments with Tjqie I pneumococci The second attack 
began about 40 hours after he was sprajmd with Tjqie II pneumococci that 
spurted from a S3nnge These ma3’’ both have been instances of direct droplet 
infection, although it is possible that the fiist was acqmred through handling 
the organisms The latter method was assumed to be the mode of mfection 
in >2 other reported cases (231) One was a technician with hay feicr who 
developed a T^qie I otitis media after handlmg her handkerchief at the same time 
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that she vras Tvorkmg Tilth pneumococci The other had an upper respiratory 
infection and tvas putting cough lozenges mto her mouth while handling a mouse 
infected with Type pneumococcus Three days later she had the onset of 
lobar pneumonia due to this oi^anism The writer has also observed four 
instances of pneumococcal pneumonia acquired in the laboratoiy through the 
handlmg of sputum from patients Two of these were Type I infections, one 
was Type 11 and the fourth was Ttqie XVili 

THE HOLE OF TWMT rVTTT EC THE EPIDEMIOLOGT OF PNEUMOCOCCAL ECFECTIONS 

Antibodies to pneumococci can be demonstrated by various methods m a 
large proportion of human bemgs (220, 301-306) Thus, fresh defibrmated 
blood of most humans has some bactencidal power against many types of pneu- 
mococci This property may, m the same mdividual, vary both quahtatively 
and quantitatively for different types of pneumococci For each type, however, 
pneumococcidal power is present m the blood of infants durmg the first few days 
after buth with about the same frequency as m adults Each mfant resembles 
its mother m this respect This pneumococcidal property is apparently lost 
by the end of the first month, and can not be demonstrated agam until after 
the first year It is less frequent m children than m adults and dechnes agam 
m persons over 60 years of age (304, 305) 

Blake (306) found nontype-specific agglutinins m human serum The curve 
of mcidence of such a^utmms m the vanous age groups seemed to mirror the 
morbidity rates for pneumonia m the same commumty that is, the morbidity 
was highest m the age groups m which the least agglutinins were found, and vice 
versa In tins respect it was similar to the curve of mcidence of the bactericidal 
power of normal fresh defibrmated bloods against type-specific pneumo- 
cocci (304) 

Felton (307) demonstrated mouse protection antibodies against one or more 
lethal doses of Types I and EE pneumococci m the serum of almost one-third of 
some 1100 human subjects He found protection against 100 or more lethal 
doses (m 0 1 cc of serum) m 9 6 and 11 7 per cent of subjects against Types I 
and n pneumococci respectively Others had also found such antibodies, with 
varymg frequency, m small groups of normal human serums (61, 304, 305, SOS) 
Agglutmms for type-specific pneumococci, however, are rareh* detected m 
normal serums (77 304 305) 

Immediate positive skin reactions to tj-pe-specific polysacchandes (309) 
are also infrequent among normals (77, 304, 310) On the other hand, the 
dela 3 -ed tubercuhn-hke reaction to the acetic acid precipitable pneumococcus 
nucleoprotem can be ehcited often m normals The frequencj* of such positive 
reactions seems to mcrease m advancmg age groups (304) and resembles the 
frequency' of similar reactions ehcited with streptococcus nucleoprotems (311) 

Differences m the frequency* with which antibodj* reactions are ehcited 
with the vanous tests seem to depend on the sensitivity of the tests employed 
These differences appear to be even more stnkmg among normal snbjects than 
among immunized mdividuals (310) or among patients recovermg from pneu- 
moma (312) The abihty to produce antibodies as a result of the stimulus of 
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infection or of immunization witli pneumococcus antigens seems to vary con- 
siderably Among infants and young children particularly, antibodies are 
demonstrable with much less frequency and m considerably lower titers after 
infection (61, 313, 314) or after immunization with specific carbohydrates (315, 
316) Felton (307) found that 5 5 per cent of normal mdividuals had no demon- 
strable protective antibodies whatever agamst T3T3e I, and 1 1 per cent had none 
agamst Tjqie II pneumococci after immimization with his antigemc poly- 
saccharides After immunization of the same subjects, the serums of 12 8 
per cent failed to protect mice agamst 100 or more lethal doses of Type I and 4 9 
per cent failed to protect agamst similar doses of Tjqie II pneumococci None 
of Felton’s subjects m this particular study were under 2 years of age and very 
few were under 10 He felt (317) that the mdmdual vanations m response to 
his pneumococcus polysacchande antigen are important factors m the relative 
resistance to pneumococcal infection 

It IS usually assumed that the antibodies demonstrable m normal subjects 
are present as a result of previous exposure to pneumococci, that is, as a result 
of manifest or latent pneumococcal infection There are, of course, other 
possible explanations (304) that need not be considered here That antibodies 
may develop as a result of the earner state alone, vnthout mtervemng infection, 
has been demonstrated m the course of mvestigations of contacts of pneu- 
moma cases m famihes (226, 235), m hospital personnel (79) and m a camp of 
the Civihan Conservation Corps (77) Contact carriers are usually detected 
only some tune after the cases are known to occur In such earners, antibodies 
specific for the tjqie of pneumococcus found m any given case and its contacts 
are usually detectable by the tune the earner state is detected In occasional 
instances, however, it has been possible to detect the development of antibodies 
after the pneumococcus was first cultured (79, 226) Antibodies to pneumo- 
cocci may also result from an immune response to antigenically related organ- 
isms or substances 

Smee, as already noted, more than one-fourth of all nonnal persons carry 
pneumococci at any given tune and almost aU persons carrj’’ them at one tune or 
another m the course of the year, such earners probably represent those who 
respond well to pneumococcus antigens and are therefore highly resistant to 
infection This may explam why only 1 m 500 persons contracts pneumonia 


(317) 

The \-irulence of the organism may also be a factor The mcidence of pneu- 
mococcal mfections among contacts of pneumonia cases is higher than among 
earners without known contact This suggests that pneumococci acquire 
virulence by passage thiough man (317) 

The exact role of antibodies m relation to the mception of pneumococcal 
pneumoma is not entirely clear Certamly some antibodies, even agamst the 
homologous t3-pes of pneumococci, are demonstrable early enough m the course 
of many cases of pneumoma to make it unlikely that they occuried as a r^It 
of that particular infection (300, 303, 318-322) Probably other factors local 
and eeneral are necessarj- to establish infection m the presence of anti o y, 
“ has already been noted m the case of infections in animals Simple upper 
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lEspiratory rrcct infectioiis such as the coiomoii cold or clinical inhuenza 
tthich are presumably of viros origm precede pneumonia m a large proportion 
of cases It has already been noted that such infections increase the spread of 
Tirulent disease-producing pneumococci It is not unlikely that these titus 
infections also bring about some alteration in local tissue immunity oi the host 
or act m some other way to permit mvasion by pneumococci even m a parnally 
immune mdividual 

PEFTErCnVE TACCIKATIOrC AGAINST PNEXAIONIA 

The most extenshre and prolonged experiments m preventive vaccination 
have been earned out m the South Afncan mining commumties (215 256—2591 
Similar experiments were earned out in some of the United States Army camps 
dunng the first World War (216 217) Polyvalent whole pneumococcus 
vaccines killed m various ways were used m these mvestigations Similar 
vacemes have also been used on a smaller scale m a prison population (254) 
and m an mdustnal commumty (2641 where there was an unusually high preva- 
lence oi pneumonia The results obtamed from all these trials were m a general 
way qmte similar The mcidence oi the pneumonias associated with the 
types of pneumococci that have been mcorporated m the vaceme was lower 
m the moculated mdinduals New pneumococcus types however kept, 
appeanng and other organisms also became more frequent in the inoculated 
commtmines 1,256 257) In one of the minmg commumnes vaccination was 
discontmued at a time when the lowest pneumoma death rates had been attamed 
Followmg this, there was a steady rise m pneumonia mcidence, and epidemics 
occurred m which some of the pneumococcus typ^ formerly mcluded in the 
vaceme were agam predominant among the cases (25S) 

Mixed vacemes. contammg pneumococci hemolytic streptococci and other 
respiratory organisms have also been used for the prevention of pneumonia 
and other respiratory infections The reults however are diScult to mterpret, 
although some workers felt that they were encouragmg enough to continue trials 
with them (323) 

Felton m cooperation with the Umted States Armv and with oScials of 
camps of the Civflian Conservation Corps immunized 60 000 volunteers with 
his polysaccharide antigens and had 72 000 controls There was a reduenon of 
50 tier cent m the mcidence of pneumonia among those mjected and the mor- 
tahty m the immunized group who contracted the disease was lower than m 
the controls (324) ' 

’ A i=o-e recent s't-ac bv S ece' sra Muc_etuuss iSSOi has D-onan- o^t tae manv ciScnl- 
*ies in— ol— ea in evalua'ina the 'emits o immumrsnon naainst pneinroma These sii*no-s 
'siX *hr,* e-en T—pe I onentnerocens nneutnonia —ns no* p-eventea b- itntnuninntion -ntn 
pnenmocecens pol-sncchnnces Kauiznan (33i) repovea rcsnl's o' bctv it— -... ni -n-ion 
with n ccmn^nation of Typ-'s I 'na n pneatn'yToc-ic cnprjln- poi-sncchsnces {1 xnz of 
each given snbcn*aneons1-l agams" o’d age pne^zmonin in 1750 snojec's conanc'ec! o— er 
n 2-Ten- ps'noa H«> demons' ra'ea a reaccnon m tne incidence and mo- mi'v ra'es 
among the inoc^la-ec b.,.* no app-eciab’e e5ec‘ on tne css-e fn'nli': — a-es Tee pro- 
Dnp'ac'c va’ne secm'Ki mo-e pronoanced in *ne nrs* *hree cm— e-s "’nn in -he Ins' 
' the rear af'er im 
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mfection or of iniiiiuiiizatioii witli pneumococcus antigens seems to varj’^ coa- 
siderablj’^ Among infants and jmung children particularly, antibodies are 
demonstrable nuth much less frequency and m considerably lower titers after 
infection (61, 313, 314) or after imm unization with specific carboh5'^drate3 (315, 
316) Felton (307) found that 5 5 per cent of normal mdinduals had no demon- 
strable protective antibodies whatever against Type I, and 1 1 per cent had none 
agamst Tj’pe II pneumococci after immumzation with his antigemc poly- 
saccharides After immuni zation of the same subjects, the serums of 128 
per cent faded to protect mice agamst 100 or more lethal doses of T5Tpe I and 4 9 
per cent faded to protect agamst simdar doses of Type II pneumococci None 
of Felton’s subjects m this particular stud3’- were under 2 j’-ears of age and lery 
few were under 10 He felt (317) that the mdii'idual variations m response to 
his pneumococcus polj-sacchande antigen are important factors m the relatne 
resistance to pneumococcal mfection 

It IS usually assumed that the antibodies demonstrable m normal subjects 
are present as a result of preiuous exposure to pneumococci, that is, as a result 
of manifest or latent pneumococcal infection There are, of course, other 
possible explanations (304) that need not be considered here That antibodies 
may develop as a result of the earner state alone, wuthout mtervemng mfection, 
has been demonstrated m the course of mvestigations of contacts of pneu- 
moma cases m famdies (226, 235), m hospital personnel (79) and m a camp of 
the Cmhan Consen-ation Corps (77) Contact carriers are usually detected 
only some time after the cases are known to occur In such carriers, antibodies 
specific for the type of pneumococcus found m any given case and its contacts 
are usually detectable by the time the carrier state is detected In occasional 
instances, however, it has been possible to detect the development of antibodies 
after the pneumococcus was first cultured (79, 226) Antibodies to pneumo- 
cocci may also result from an immune response to antigenica^ related organ- 
isms or substances 

Smee, as alread3* noted, more than one-fourth of aU normal persons caiTj*^ 
pneumococci at an3' given tune and almost all persons carr3' them at one tune or 
another m the course of the 3’ear, such earners probabl3'’ represent those who 
respond well to pneumococcus antigens and are therefore highl3'' resistant to 
infection This ma3’- explam wh3^ onl3’’ 1 m 500 persons contracts pneumonia 


(317) 

The -nnilence of the orgamsm ma3' also be a factoi The mcidence of pneu- 
mococcal mfections among contacts of pneumoma cases is higher than among 
earners without known contact This suggests that pneumococci acquire 
nnilence 63- passage through man (317) 

The exact role of antibodies m relation to the mception of pneumococcal 
pneumoma is not entueb' clear Certaml3- some antibodies, e\ en against the 
homologous t3-pes of pneumococci, are demonstrable early enough m the course 
of manv cases of pneumoma to make it unhkely that they occurred as a r^lt 
of that'particular infection (300, 303, 31S-322) Probabh other factom^ local 
and general, are necessari' to establish infection m the presence of anfibo 3 . 
as has already been noted m the case of mfections m anunals Simple upper 
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respiratory tract infections, such as the common cold or clmical influenza, 
which are presumabb' of -cirus ongm, precede pneumoma m a large propoition 
of cases It has aheady been noted that such infectious increase the spread of 
virulent disease-producmg pneumococci It is not unlikelj" that these virus 
infections also hrmg about some alteration m local tissue unmumty of the host, 
or act in some other way to permit mvasion bj' pneumococci even m a partiaUj’' 
immune mdindual 

PEEI’ENTIVE VACCINATION AGAINST PNEUMONL^ 

The most extensive and prolonged experiments m preventive vaccmation 
have been earned out m the South Afncan mining commumties (215, 256-259) 
Sirmlar experiments were carried out m some of the Umted States Army camps 
durmg the first World War (216, 217) Poljnalent whole pneumococcus 
vacemes, lolled m vanous ways, were used m these mx estigations Similar 
xacemes have also been used on a smaller scale m a prison population (254) 
and m an mdustnal commumty (264) where there v as an unusually high preva- 
lence of pneumoma The results obtamed from aU these tnals were, m a general 
way, quite similar The mcidence of the pneumonias associated mth the 
tj-pes of pneumococci that have been mcorporated m the vaceme was lower 
m the moculated mdinduals New pneumococcus tjpes, however, kept 
appearing, and other organisms also became more frequent m the moculated 
commimities (256, 257) In one of the minin g commumties, vaccmation was 
discontmued at a time when the lowest pneumoma death rates had been attamed 
Followmg this, there w as a steady nse m pneumoma mcidence, and epidermcs 
occurred m which some of the pneumococcus types formerly mcluded m the 
X aceme w ere agam predommant among the cases (258) 

Alixed x'acemes, contammg pneumococci, hemolxtic streptococci and other 
respiratory orgamsms, hax'e also been used foi the prex'ention of pneumonia 
and other respiratorj- infections The results, how ex'er, are difficult to mterpret, 
although some workers felt that they were encouiagmg enough to contmue trials 
with them (323) 

Felton, m cooperation with the Umted States Army and with officials of 
camps of the Cixilian Conserxation Corps, immimized 60,000 x'olunteers with 
his polj'sacchande antigens, and had 72,000 controls There was a reduction of 
50 per cent m the mcidence of pneumonia among those mjected, and the moi- 
tahty m the immunized gioup who contracted the disease was lower than m 
the controls (324) ® 

‘ \ more recent studx b\ Siegel nnd Muckenfuss (330) has brought out the manj difficul- 
ties in\ oh ed in ex aluating the results of immunization against pneumonia These authors 
felt that exen Txpe I pneumococcus pneumoma xvas not prexented bx immunization xnth 
pneumococcus polx saccharides Kaufman (331) reported results of active immunization 
xnth a combination of Tjiies I and II pneumococcic capsular polj saccharides (1 mg of 
each gixen subcutaneouslx ) against old age pneumonia in 1750 subjects conducted oxer 
a 2-xcar period He demonstrated a reduction m the incidence and mortalitx rates 
among the inoculated, but no appreciable effect on the case fatalitx rates The pro- 
phx lactic xalue seemed more pronounced in the first three quarters than in the last 
quarter of the x ear after immunization 
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infection or of immunization with pneumococcus antigens seems to vary con- 
siderabty Among mfants and young cluldren particularly, antibodies are 
demonstrable with much less frequency and m considerably lower titers after 
infection (61, 313, 314) or after immunization with specific carbohydrates (315, 
316) Felton (307) found that 5 5 per cent of normal mdividuals had no demon- 
strable protective antibodies whatever against Type I, and 1 1 per cent had none 
agamst Type II pneumococci after immunization with his antigemc poly- 
saccharides After immunization of the same subjects, the serums of 12 8 
per cent failed to protect mice agamst 100 or more lethal doses of Type I and 4 9 
per cent failed to protect agamst similar doses of lype II pneumococci None 
of Felton’s subjects m this particular study were under 2 years of age and very 
few v ere under 10 He felt (317) that the mdividual variations m response to 
his pneumococcus pol 5 '’sacctiande antigen are important factors m the relatue 
resistance to pneumococcal infection 

It IS usually assumed that the antibodies demonstrable m normal subjects 
are present as a result of previous exposure to pneumococci, that is, as a result 
of manifest or latent pneumococcal infection There are, of course, other 
possible explanations (304) that need not be considered here That antibodies 
may develop as a result of the earner state alone, without mtervmnmg infection, 
has been demonstrated m the course of mvestigations of contacts of pneu- 
moma cases m families (226, 235), m hospital personnel (79) and m a camp of 
the Civilian Conservation Corps (77) Contact earners are usually detected 
only some time after the cases are known to occur In such earners, antibodies 
specific for the tjqie of pneumococcus found m any given case and its contacts 
are usuallj’- detectable by the time the carrier state is detected In occasional 
instances, however, it has been possible to detect the development of antibodies 
after the pneumococcus was first cultured (79, 226) Antibodies to pneumo- 
cocci may also result from an immune response to antigemcally related organ- 
isms or substances 

Smee, as already noted, more than one-fourth of all normal persons cany' 
pneumococci at any given time and almost aU persons carry’’ them at one tune or 
another m the course of the year, such earners probably represent those who 
respond well to pneumococcus antigens and are therefore highly resistant to 
infection This may^ explam why' only 1 m 500 persons contracts pneumonia 


(317) 

The virulence of the organism may' also be a factor The mcidence of pneu- 
mococcal mfections among contacts of pneumoma cases is higher than among 
earners without known contact This suggests that pneumococci acquire 
■nrulence by passage through man (317) 

The exact role of antibodies m relation to the mception of pneumococcal 
pneumoma is not entirely clear Certainly' some antibodies, ei en agamst the 
homologous types of pneumococci, are demonstrable early enough m the courie 
of many cases of pneumoma to make it unhkely that they occurred as a r^u 
of that'particular infection (300, 303, 318-322) Probably other factors local 
and general, are necessary' to establish mfeetion in the presence of antibo y , 
as has already been noted m the case of mfections m animals Smiple upp 
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as a single injection intrapenToneally, foUotred by tivo local tvashings Neither 
druEts nor serum tvhen given by one of the routes alone vrere effective 

Reports on the effects of sulfonamide drugs on the earner state are not yet 
available The rapid disappearance of pneumococci from the sputum of pa- 
tients vath pneumonia trhile under treatment suggests that use of the drugs in 
therapeutic doses might prove useful Local treatment may prove helpful as 
an adjunct to the general use of the drugs but it is not likely to be effective 
alone Chrome camera ivho have foci of infection m the respnatoiy- tract are 
not likely to be influenced by the treatment unless these infections are ehmmated 

STMMAET AXD COXCLrSIOXS 

The collected reports concermng the spread of pneumonia and of pneumococcal 
infections may be summarized bnefly. 

Evidence for the contapous character of pneumoma has been available for a 
long time and it has been thoroughly authenticated mth the aid of modem 
bactenologic methods. Both cases and camera are responsible for the spread 
of pneumonia and of other pneumococcic infections, but the earners are more 
numerous and probably account for the bulk of infections m the community. 
The occurrence of pneumococcal mfecnon m any given person is dependent on 
that mdividual s susceptibihty to the pamcular stram of pneumococcus mth 
■which he comes m contact The factora tmderlymg this suscepnbflity are not 
clearly understood The degree of spread of the infectmg agent, however is 
probably direcdy proportional to the amount and mtimacy of the contacts with 
cases or camera The spread of disease produemg pneumococci is greatest 
withm the family m barracks and m open doramtones where persons have the 
most mtimate and most prolonged contact There is evidence that disease- 
produemg pneumococci may survive m au or dust Except for the rare m- 
stances of laboratory infection however, there is vert' httle direct and positive 
proof of pneumococcal disease m man acquired through droplet or air-bome 
mfecnon 

MEASCKELS EECOtCMT.XDED FOR COXTEOL OF THE SPPmAD OF PXEOIOXIA iVD OF 

PXEltilOCOCCAL EvFECTIOXS 

Most of the important general preventive measures designed to minimize 
the spread of pneumonia and to control the mortahty from this disease were 
drawn up m 1917 by the Rockefeller Institute workers (36) and are equally 
apphcable today Their recommendanons were based on extensive studies 
made possible by the classification of pneumococci, and mav be summarized 
bnefly 

Education of the medical profession and of the pubhc concermng the danger 
of the spread of pneumonia by contact with cases, direct or mdrrect is essential 
General compulsory rcpor'.iiy of cases is recommended m order to ascertam 
the mcidence and focal distribution of cases (327) 

Smee certam n-pes are particularly important the widespread appheat'on of 
pneumococcus tuping by hospital and health department laboratones is highlv 
desirable This would supply additional important epidenuologic data 
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^'accmation ■with, type-specific vaecmes and ■m.th specific pneumococcus 
polysaccharides has also been employed durmg the course of epidemics of pneu- 
mococcal pneumoma m ranous institutions (248-250) Under these conditions 
the vaccmes appear to be highly effective New cases of pneumoma due to 
the same type of pneumococcus rarely appear aftei more than 6 daj’'s have elapsed 
folloivmg moculation of the e'qiosed population with the antigemc matenal of 
the homologous type 

The immu nity resultmg from vaccmation ivith whole pneumococcus antigens 
IS predommantty type-specific, and the transferable antibodies are almost 
entirely so There is some endence, however, from the oTninal studies pre- 
viously mentioned, that some degree of resistance to actual infection with 
heteiologous tj-pes of pneumococci maj* develop, although this maj^ not be 
measurable by’- mouse protection or other immunological tests Felton (316) 
has obtamed a Type I antigen which is specific m mice but which produces 
antibodies m almost equal titers against Tyqie II m human bemgs and, con- 
versely, an antigen which he has prepared from Tyqie 11 pneumococci produces 
antibodies m equal amounts agamst both Ty^pe I and Type II pneumococci 
This IS contrary' to the findmgs of many other workers, although similar results 
have been recorded by occasional mvestigators (325) 

How long resistance to infection persists after vaccmation is not known, 
but it certainly vanes -widely m different mdimduals Protective antibodies 
have been demonstrated m a majonty of the subjeets tested as long as 1 y’ear 
after moculation with Felton’s antigens (316) 

TREATMENT OF PNEUMOCOCCUS CARRIERS 

Smce earners have been shown to play an important role m the spread of 
pneumoma, attempts have been made to -treat such earners with a new to 
ehnnnatmg the pneumococci from the upper respuatory tiact Smce pneu- 
mococci are so widely’ prevalent, however, it is obnously’ necessary to lumt the 
treatment at best only to convalescent earners and to those who harbor the 
common disease-producmg stiams, such as Types I and II This has been 
recommended dunng penods of unusual prevalence of pneumonia or of simple 
respiratory’ infections, paiticulaily where large numbers of susceptibles are 
brought together (177, 286, 326) 

Sader et al (286) isolated a group of both healthy and convalescent carriers 
at Camp Wheeler and tned vanous gargles, sprays and mstdlations He 
found dichloramme-T oi lodme m oil, used as a spray’ or for instillation, to be 
the treatments of choice The use of quinine sulfate apparently’ protected 
against mfiuenza, but did not affect the earner state Kolmer and Stemfeld 
(326), on the basis of zn vitro studies recommended gargles of 1 10,000 ethyl 
hydrocupreme m a 1 10 dilution of hquor thy’mohs, and also suggested Dobell s 

solution for douchmg or spraymg the nose 

Neufeld (177) studied the problem m gumea pigs, which are known to become 
chrome pneumococcus earners either spontaneously or after mtranasal infectmn 
(103 101) He found the most effective treatment to be specific serum gnen 
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possibility of late infectioiis from convalescent earners discharge cultures are 
recommended (231) and proper instructions should be given to cases vrith posi- 
tive cultures to avoid the spread of the organisms 

Proplivlaciic Inocidat ons Smee it has been shown that the spread of any 
given epidemic when caused by a pneumococcus of a specific type can be 
halted bj* vacematmg the entire exposed population with the homologous type- 
specific vaccine this IS strongly recommended under such conditions "Whether 
widespread vacemauon before outbreaks appear will prevent the occurrence of 
epidemics is not yet certain. The experiments akeadv mentioned particularly 
those earned out m South Afnca mdicate a defimte field of usefulness for 
vaccination if properly apphed m co mm unities where a high prevalence of 
nneumoma is expected 
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Each case should be regarded as a possible focus of spread, and measures 
found useful in other communicable diseases should be apphed The patient 
should be isolated and prevented from contact with other persons as far as 
possible (cf 328) 

Smce pneumococci spread mostlj'^ by way of the secretions of the mouth and 
respirator3'’ tract, care should be taken m coUectmg sputum and bummg or 
dismfectmg contamers All utensds, handkerchiefs, bed clothmg, etc which 
are hkely to become contammated through contact with the mouth should be 
sterilized before they are used agam 

Frequent cleansmg of the sickroom, earned out m such a way as to minimiz e 
the amount and spread of dust, is important The sickroom should be cleaned 
thoroughly after it is vacated by the pneumoma patient 

While the control of convalescent 'and healthy contact earners of disease- 
produemg t3'pes of pneumococci through isolation would be desuable, it is not 
practicable Garners, however, maj’’ be instructed to avoid promiscuous spit- 
tmg The use of disinfectant mouth washes may also be useful m health}’^ 
earners (cf 323) 

Under conditions which are most smtable for the spread of pneumococci, 
namel3’-, m dormitones, barracks, hospitals, asylums, labor compounds, prisons, 
etc , these preventive measures may be especially important and should be 
apphed as soon as the first cases are recogmzed Search for earners among the 
contacts of the cases should be undertaken immediately Isolation of the 
carriers, or at least precautions instituted to prevent further spread b3" them, 
should be earned out 

Most of these precautions have been reiterated by others who have been 
impressed with the contagiousness of pneumoma (48, 62, 231, 235, 236, 242, 
251, 254, 258, 283, 294, 328) A few additional pomts have been made on the 
basis of mdividual expenence 

Cole and MacCallum (242) recommended the segregation and protection of 
cases of primary lobar pneumoma (due to pneumococcus) from cases of hemobdic 
streptococcal infections This is highly important durmg epidemics of the 
latter, especially when associated with measles and influenza 

Nichols (283) stressed the importance of hanng arm3^ camps equipped to 
handle epidemics of pneumoma, and this was appreciated b3’- all the medical 
officers durmg the last World War 

The apphcation of isolation precautions to carriers of T3’pes I and II pneumo- 
cocci, especiaU3" durmg outbieaks, has frequent^'’ been urged (62, 329) 

The predisposmg factors leadmg to the spread of pneumonia m mdustnes 
must be studied carefull3’’ m each mstance, and attempts made to eliminate 
these factors as far as possible 

Woods (6) believes that the mortalit3’^ from pneumoma would be reduced 03' 
more and better hospitahzation, but the reasonmg upon which this belief is 

based is open to question , , r 

Stnet isolation and indmdual techmque have been recommended for cas^ 
lobar pneumoma to avoid cross infections (62, 231, 236, 239) Because o e 
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INTRODUCTION 


Loss or unpairment of yorkmg capacity is b3’' definition chaiactenstic of 
disease, restoration of working capacity is therefore the general purpose of 
therapj’’ Loss or impairment of working capacity is 63^ definition an important 
feature of fatigue Fatigue is one of the most common complaints from patients 
It IS important to distmguish between subjective complamts and the objective 
demonstration of fatigue It is plam that clear distmctions between real demon- 
strable fatigue and complamts of fatigue must be established b3'^ precise ob- 
jective methods, and smce we have defined fatigue as “reduction of workmg 
capacity” methods must be developed which will measure workmg capacity m 
terms of its components The same prmciple should be apphed to the analj^sis 
and discussion of the experimental matenal, accordmgty, the use of the lety 
general term “fatigue” has been avoided and the discussion restricted to definite 
functions, such as ox3'gen mtake, eflficienc3’’, etc , on which working capacity and 


fatigue depend 

There is no fundamental ph3'siological process which is not mvolved m mus- 
cular work Consequentty, the detenoration of an3’’ fundamental process will 
disturb the coordmated and mtegrative function of the whole orgamsm durmg 
muscular work and thus lead to a decrease of the general workmg capacitj 
Fatigue ma3^ be due to the impairment of several qmte different functions con- 
cerned with vanous t3'pes of work It is to be expected, therefore, that w orkmg 
capacity will be decreased b3' diseases to a different degree m different t3 pes 0 
work A thorough ana^dical breakdown of wmrkmg capacity mto its elements 
IS reall3" essential m order to clanf3^ these problems An important step of 
practical significance m the anatysis of workmg capacity is the mvestigation of 
patients with chrome diseases m different t3'pes of woik There are, ^ ^ ® 
countr3", several mill ion people suffermg from chrome diseases and limited wor - 
mg capacity On the basis of an anatysis of the effect of diseases on performance 
m vanous t3Ties of work it might be possible to admse patients wuth chrome 
diseases towards occupations where them workmg capacity would be least re- 
duced or which would be least mjunous At the same tune, control o 
taxation of their workmg capacity would be good treatment for them con ion 

It IS clear that mvestigation of muscular work and fatigue is of first impo anc 
m patients with chrome diseases It is in such patients that the dilution 0 
workmg capacity has practical or chmeal significance In acute i^ectio 
eases the penod of convalescence is important too It is known that 
after complete disappearance of cluneal signs and s3'mptoms of the 1 
hai e Xn not yet reached their full workmg capacity , ^^^thout s^tematic 

mvestigation of patients durmg after muscular w oik our ju^^ 

gardmg them workmg capacity is quite arbitrary^ In chronic dise 
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ancles between the cluneal lindings and the actual woiking capacity are rather 
frequent This is due to the fact that the state of the patient does not depend 
only on the unman' lesion, but also on the numerous compensatorj" mechamsms 
provoked by the disease AH authors who have worked m this field agree that 
mt estigation durmg work permits a much better understandmg of the patient s 
actual condition than an exammation durmg rest The patient mav stdl be 
fully compensated while at rest but not so for the mcreased demands durmg 
and immediately after muscular work Thus the mt esngation of patients by 
means of exercise tests is especially important for those on the verge of cardiac 
compensation i e apparently recovered from decompensation This stage is 
from the pomt of therapeutics, perhaps the most important After a patient 
once has exjierienced a cardiac decompensation it is very difiicult u not im- 
possible, to restore his worinng capacit\- to the level of the prebreakdown state 
(Altschule) Study of the most important physiological funenons aurmg mus- 
cular work might reveal earher symptoms of decompensation or the mchnation 
to decompensation than would be possible to uncover by mvestigauon durmg 
rest All agns and symptoms (for instance m heart disease — dj'spnea orthop- 
nea edema) result from the impairment of a multiphcity of closely mter- 
related boddy functions so that there is no complete and dependable correlation 
to anyone of them (Altschule) The mamtenance of some elementarv or funda- 
mental functions is obtamed at the price of impairment of other functions 
For instance, the mcrease of the venous pressure and diistohc heart volume m 
hypodynamic hearts will improve the economy of the workmg heart and help 
mamtam a sufficient stroke volume On the other hand many vicious circles 
occur at the same time, for instance edema resultmg from anovemia impairs 
the oxygen diffusion to the tissues (Hamson and Pilcher (109)) Thus, the 
state of the patient duimg chmeal compensation as weU as durmg decompen- 
sation must be view ed as a compheated and intrinsic mtegral of various functions 
mvolvmg mutual compensations as well as decompensations It seems that the 
state of the patient depends more on the mterrelation of several functions than 
on any smgle function alone Thus decompensation may break through at 
any pomt m this compheated system of regulations, m the periphery as well 
as m the heart itself Invesbganons durmg muscular work wdl help to recognize 
the weakest pomt at which a decompensation is most hkely to occur and thus 
contribute essential information for therapeutic procedures 
In the last 40 years an mcreasmg number of authors have mvestigated patients 
with different diseases durmg and after muscular work This field has never 
been systematically and critically reviewed, although the number of mveshga- 
tions IS alreadv qmte considerable We, therefore, thought it worth while to 
imdertake such a review As most mvestigations concern gaseous exchange, 
circulatoiy and respiratory functions, the review has been restricted accordmgly 
Cheimcal and physico-chermcal and nervous processes will be reviewed later 
In regard to reviews on normal phj-siology of exercise and fatigue we refer 
readers to Atzler (S-10) Bambndge, Dill (63 641 Schneider Sunonson (243- 
245) Steinhaus and ^McCurdy and Larson 
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IXTRODUCHOX 

Loss or unpairment of tiorkmg capacity is bt’' definition characteristic of 
disease, restoration of working capacity is theiefore the general purpose of 
theiap3' Loss oi impairment of workmg capacity is b3' defimtion an important 
feature of fatigue Fatigue is one of the most common complamts from patients 
It is important to distmguish between subjective complamts and the objectne 
demonstration of fatigue It is plam that deal distmctions between real demon- 
strable fatigue and complamts of fatigue must be established b3’’ precise ob- 
jective methods, and smce we have defined fatigue as “reduction of workmg 
capacity” methods must be developed which will measme workmg capacity m 
teims of its components The same prmciple should be apphed to the analj^is 
and discussion of the evpenmental material, accordmgty, the use of the lety 
general term “fatigue” has been avoided and the discussion restncted to defimte 
functions, such as ox3’gen mtake, e£Bcienc3', etc , on which working capacity and 
fatigue depend 

There is no fundamental ph3'siological process which is not mvolved in mus- 
cular work Consequenth', the detenoration of an3’' fundamental process will 
disturb the coordmated and mtegrative function of the whole organism dunng 
musculai work and thus lead to a decrease of the general workmg capacitj 
Fatigue ma3’' be due to the impairment of several qmte different functions con- 
cerned with various 131103 of work It is to be evpected, therefore, that working 
capacity will be decreased 63' diseases to a dififerent degree in different Ujies of 
work A thorough anabTical bieakdown of workmg capacit3' mto its elements 
IS reall3' essential m order to clarify these problems An important step of 
practical significance m the anatysis of woikmg capacity is the mvestigation of 
patients with chrome diseases m different tjqies of work There are, m this 
countr3', several miUion people suffenng from chrome diseases and limited work- 
mg capacit3* On the basis of an anatysis of the effect of diseases on performance 
m various t3q)es of work it might be possible to adnse patients with chrome 
diseases towards occupations where their workmg capacit3 would be least re- 
duced or which would be least mjunous At the same tune, control of the 
taxation of their workmg capacity^ would be good treatment for then condition 

It IS clear that mvestigation of muscular w ork and fatigue is of first importance 
m patients with chrome diseases It is m such patients that the dimmution of 
workmg capacity has practical or clmical significance In acute infectious dis- 
eases the period of convalescence is important too It is known that patients 
after complete disappearance of climcal signs and symptoms of the infection 
have often not yet reached their full workmg capacity' '\\'ithout sy'stematic 
mvestigation of patients during and after muscular work, our judgment re- 
garding their workmg capacity' is quite arbitrary' In ciiromc diseases discrep- 
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and that disease of the aortic valve m itseK does not give nse to sj-mptoms 
The German sti champion of 1924 presented signs of aortic regurgitation (Par- 
nsius) Parade describes three young athletes vath aortic regurgitabon who 
performed excellently as football player, cj'chst and ski runner 

Jokl (139) reported a man mth aortic regurgitation of sypluhtic ongm who 
was able to canx* out most strenuous mdustnal work, and Suzman observed a 
man with aortic insufficiency of rheumatic ongm who excelled m long distance 
swimnung Jokl (141) and Suzman decnbed aortic regurgitation and mitral 
stenosis m a marathon ninner His time for the race represented a performance 
of mtemational ment His condition after the race was surpnsmgly good and 
his recoveix' tune was short as compared with that of other competitors Jokl 
and Suzman hold that mitral stenosis alone reduces workmg capacity much more 
than when combmed with aortic insufficiency Proger and Korth arnve at simi- 
lar conclusions Outstandmg athletic performances have been observed by 
Herxheimer (125), and by Ldjestrand and Zander m patients with total heart 
block Heilman reported a soldier of 23 j-ears of age with a large aneun'sm of 
the aorta, who had successfully participated m long distance walks and races 
without anv chmcal sjauptoms 

A vera- important contribution to this question is that of Jokl and hlelzer 
(140), based on a matenal of 64 autopsies m cases of acute fatal collapse dunng 
work and athletics Among these cases were seven with outstandmg athletic 
performances m football, long distance runmng, tenms tournaments, etc 
Xecropsj* revealed senous pathological alterations of the heart with only one 
exception They never had any complamts or siTuptoms We are able to 
confirm fully these findmgs with several similar (unpubhshed) cases lUustratmg a 
marked discrepancy between advanced anatomical disease and outstanding per- 
formance m heavy occupational work or athletics 

It IS mterestmg that severe lesions of the heart do not necessarily impair 
maximum performance for muscular work It is clear that the impairment for 
tvpes of moderate exercise will be still less pronounced so that the number of 
patients with pathological lesions of the heart, but without anj- chmcal signs 
and symptoms, may be quite considerable Such cases will seldom be diagnosed 
dunng life This leads to the conclusion that lesions of the heart may be fullv 
compensated not only foi restmg condition, but also for maximum performance, 
and that it is not the pnman- lesion, but the breakdown of the compensaton' 
mechamsms which leads to the clmical signs and samiptoms of circulatorj- m- 
sufficiency 


C Methods to Measttre Maxinium WorJing Capaciij 

1 Rate of Maxunitm Oxi/gcn Intake There is a Imear relationship between 
maximum oxj-gen mtake and maximum workmg capacity in normal subjects 
as well as m patients with heart or piilmonan- diseases (Herbst(119-121), 
Knippmg(1571) Therefore the maximum ox%-gen mtake may be expressed 
bv the amount of meter kilos and race veisa, but this can be done only when the 
same tryie of standard work is used 

The absolute value of the maximum oxj-gen intake depends on the body 
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I ilANIinjil TVORKING CAPACITY IN DISEASE 

A Defimhon 

We have defined disease as “diminution of working capacit 3 ’' ” Hence the 
measurement of the maximum workmg capacity should be an ideal method b} 
which to detemune the extent of the damage produced m the organism as a 
whole bj' pathological processes Investigations mto the delation of single 
ph 3 ’’siological functions under pathological conditions are important m the 
analj’^sis of the fundamental components of v orkmg capacity, but it is impossible 
from such data to arrive at comprehensive conclusions concemmg the “complex” 
of working capacity, because of the mtrmsic compensation and decompensation 
mechanisms mvolved m disease The prmcipal factors detemumng maximum 
workmg capacity are “mtensity” and “endurance ” Maximum mtensity of 
work (m-kdos per second) is greater, the shorter the duration of work If 
maximum performance is accomplished m the anaerobic penod (durations of 
work up to 30 to 40 seconds), it does not depend on the circulatory^ or respiratoiy' 
function, because the duration of work is shorter than the time necessary' for 
the blood to accomphsh one complete circmt Very fev experiments on patients 
have been made to detemune the maximum capacity of anaerobic work 

In tyiies of work where a considerable energy expenditure is mamtamed for 
a longer period of tune (at least 20 to 30 minutes or more), the limi t of perform- 
ance is determined bj' “endurance” and is directty related to carbohydrate 
exhaustion 

In pathological phy-siologj' those types of work are most important, where 
the maximum capacity for work (determmed by the maximum amount of m- 
kilos per mmute) is limited by the maximum mtake of oxygen In normal 
conditions this depends on the ma ximum minute volume of the heart There- 
fore, m such exercise, maximum workmg capacity can be defined and measured 
by' maximum oxygen mtake Maximum oxy'gen consumption can be attamed 
only m ty^pes of work where a sufficiently' large number of muscles is involved 


B Outstanding Athletic Performances in Patients 

The maximum v\ orkmg capacity need not be diminished at all m compensated 
v'alvular or other lesions of the heart, m mild diabetes, etc On the contray 
it IS known that “patients” with well compensated v'alvular heart disease may 
perform athletic feats far exceedmg those of average healthy' subjects Herx- 
heuner (125) saw many' patients with nutral or aortic msufficiency' who repeatedly 
performed m competitiv'e athletics without ill effect The question of damage 
as a result of athletic mdulgence and severe phy'Sical effort vtII be rev'ieved 
elsevv here On the other hand, patients with mitral stenosis, ev en if they' are 
able to cany' out considerable athletic performances, usually' expenence diminu- 
tion of their workmg capacity after some time Accordmg to V arfield, dunng 
the exammation of some 40,000 y'oung reermts there vere a number of young 
men vnth aortic msufficiency vv ho were athletes, some, record holders, who nere 
qmte unaware that they had any heart lesions Cotton (5S) states on the basis 


of observations on 


soldiers that aortic regurgitation is compatible with health 
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Wolf) wMe the masuniim oxj-gen intake is distinctly lower (Borgard (36)) 
Only cases compensated for restmg condition were mvestigated by means of 
this method The decrease of the maximum oxj'gen mtake was proportional 
to the degree of insufficiency for working condition, i e to the decrease of the 
circulatoiy reserve The decrease was especiaUj- pronounced m patient^ with 
mitral stenosis, where the maximum oxygen mtake reached onlv the value of 
200 to 300 cc per min ute (Hermannsen (124)) This is only shghtly above the 
restmg rate of oxj'gen consumption In some cardiac patients the maximum 
oxvgen mtake was identical with the lestmg rate (Kmppmg (loS)) so that there 
was no cardiac reserve at all The rate of maximum oxx'gen mtake is a rather 
rehable mdex of cardiac reserve prondmg no puhnonaiy comphcations are 
mvoh ed In the latter case the maximum oxygen mtake mdicates the capacity 
of the respu-atorj" and circulatoi^’ system If the maximum oxygen mtake ex- 
ceeds a 1 alue of 1 300 cc pei minute, it may be assumed that there is no cn- 
culatorj- insufficiency (Hermannsen (124)) 

2 Maximinn of Pulmormnj Venhlation {Pulmonary Rcsene) The maximum 
pulmonarj- ventilation attamed dunng maximum work amounts m the average 
to SO hters m male and 50 hters per minute m female normal subjects These 
values are lower than those otitamed by maximum voluntarv hyperventilation 
(100-150 hters, Herbst (119) Simonson (241), Hermannsen (123)) Thus, the 
pulmonary reserve may be expressed by the difference between the maximum 
obtamed m voluntary' hyperventilation and the maximum obtamed durmg mus- 
cular work (^larzahn, Gilbeau and Zaeper) The pulmonarj- reserve m normal 
subjects diminis hes with age, but it exceeds 20 hters m older subjects In 
normal subjects m good condition as high values as SO hters have been observed 
(Hermannsen (123)) Instead of this procedure Kmppmg (15S) proposes to 
estimate the pulmonarj- reserve as the difierence between the maximum value 
of lung ventilation obtamable dunng work and the restmg ventilation rate, 
because the maximum lung ventilation dunng work is less dependent on the 
patient’s efiort than is the maximum voluntary ventilation Ii mav be ob- 
jected that both maximum i oluntaiy ventilation and maximum muscular efiort 
depend on the patient’s cooperation and that by the latter method the total 
pulmonary reserve is not obtamed The difference between the maximum lung 
ventilation dunng vork and rest m normal subjects mai' be as high as 94 hters, 
while it may be as low as 11 hters (maximum ventilation dunng work 16 hters, 
restmg rate 5 hters difference 11 liters) m patients with emphj.’sema Kmp- 
pmg (156) found a dumnution of the pulmonari' reserve (i e , a dimmution of 
the maximum lung ventilation obtamable dunng work) m the foUowmg patho- 
logical conditions (1) Stenosis m the air passages, produced bv carcmoma, en- 
larged h-mphnodes (tuberculosis), bronchitis, asthma, (2) exudate m the ah eoh 
or obhteration (pneumoma, mfarct edema, fibrosis sdicosis) , (3) loss of elasticitv 
of lung tissue (emphysema), (4) alteration of pleura or mediastmum (pleuntic 
scars, pleuntic exudate, tumor pneumothorax, mediastmal tumors), (5) al- 
teration of the skeletal structure of thorax (6) disease of respiraton- muscles 
and the nervous sj-stem (poliomyelitis, phremc nene block) 
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weight, therefore the values should be related to the body v eight As the maxi- 
mum oy5''gen intake depends on the min ute volume of the heart, a decrease should 
be expected m cardiac patients jMeasuimg the maximum ox3'’gen intake is, 
therefore, an mdirect method for determining the maximum mmute volume of 
the heart, promdmg the pulmonaiy S3^stem is mtact Herbst(121) found a 
pronounced deciease of the maximum ox5-gen mtake m patients with lahiilar 
lesions of the heait paiallehng the degree of decompensation The sjmptoms 
of decompensation weie slight Patients with emphj^sema and chronic bron- 
chitis behaved m sumlai fasluon In the lattei the maximum oxj^gen mtake 
vas dimmished moie than the pulmonarj’- ventilation Harnson and Pilcher 
(110) mvestigated a tj'pe of vork (standmg-runmng) near to maximum capacitj' 
and found a reduced oxj^gen mtake, especiall3' in patients with mitial stenosis 
BuiweU compaied caidiac patients with different degrees of functional disabil- 
it3’’ One of the patients was able to perform exeicise compaiable to the maxi- 
mum exercise of the normal subjects, but the ox3fgen mtake duimg the exercise 
was less than that of the normals, so that the ox3^gen debt vas gi eater In 
the othei patients the maximum exeicise, the maximum 0x3 gen mtake, and the 
maximum pulmonai^' ventilation were much reduced 
Si’stematic mvestigations m this direction have been undertaken b3' Knip- 
pmg and his collaborators ( 157 - 158 ) Then- experimental procedure is as foUovs 
The subject is examined by means of a biC3mle or arm ergometer The eigom- 
eter consists of an electncal d3iiamo The resistance (and the amount of 
work calculated m vatts) is gradually mci eased, until the maximum late of in- 
take of oxygen is reached (Gdbeau, Marsahn and Zaeper) or as long as the sub- 
ject IS able to mamtam the speed This value is reached after two to three mm- 
utes, and the work is mterrupted after another two to three mmutes The 
maxim um level of pulmonar3^ ventilation is reached one or tvo mmutes after 
the maximum value of oxygen mtake This occurs m normal subjects at an 
amount of work equal to 60 to 200 watts, while m heart patients this value is 
attamed between 20 to 30 watts The gaseous exchange is measured b3’’ a closed 
circmt apparatus, fiUed with atmosphenc air Ox3^gen is added at a rate to 
keep the level of the spirometer constant Thus the rate of 0x3 gen mflow into 
the closed circmt system equals the ox3"gen consumption Usmg this ar- 
rangement it IS easj’- to see w hen the maximum oxygen mtake is reached Under 
these precautions, the ox3'gen pressure within the S3'stem remains nearlj”^ con- 
stant This proceduie also protects the patient The amount of work should 
not be mcreased beyond the lumt established bi’ the maximum oxygen intake 
In normal subjects the amount of anaerobic performance ma3' amount to six 
or seven times the value correspondmg to the maximum oxygen intake, 1 e , up 
to a iirtual lvalue of 30 hters oxygen per mmute (Hill) The lowest normal 1 alue 

of the maximum oxygen mtake is one hter per mmute estabhshed m a large 
number of nonnal subjects Values below one hter must be regarded as patho- 
logical In man3* cardiac patients, compensated for restmg condition wit 1 
S5mptoms of msufficiency durmg work, the oxygen consumption is the same as m 
normal subjects at light and moderate loads (Zaeper, Haebisch, Cranefo an 
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Wolf) ulule tlie maximum oxA-gen mtake is distmctly lower (Borgard (36)) 
Onlv cases compensated for restmg condition were mvestigated by means of 
this method The decrease of the maximum oxj-gen mtake was proportional 
to the degree of msufiiciency for workmg condition, i e , to the decrease of tbe 
circulatoiy reserve The decrease was especially pronounced m patient^ witb 
mitral stenosis, wheie the maximum oxj'gen mtake leached only the value of 
200 to 300 cc per mmute (Hennannsen (124)) This is only shghtly above the 
restmg late of oxj'gen consumption In some cardiac patients the maximum 
ovcgen mtake was identical with the lestmg rate (Kmppmg (15S)) so that there 
was no cardiac reserve at all The rate of maximum oxj'gen mtake is a rather 
reliable mdex of cardiac reserve, providmg no puhnonaiy comphcations are 
mvolved In the latter case the maximum oxj'gen mtake mdicates the capacity 
of the lespiraton' and circulatoij' sj'stem If the maximum oxvgen mtake ex- 
ceeds a value of 1,300 cc pei mmute, it maj' be assumed that there is no cir- 
culatorj- msufnciencj' (Hennannsen (124)) 

2 Maxvmnn of Puhnonary Vcni}latio7t {Pidnwnary Remote) The maximum 
puhnonaiy ventilation attamed durmg maximum u ork amounts m the average 
to SO hters m male and 50 htere per minute m female normal subjects These 
values are lower than those obtamed bj' maximum voluntarj' hj-perventilation 
(100-150 liters Herbst (119) Sunonson (241), Hennannsen (123)) Thus, the 
pulmonan' reserve maj- be expressed bj' the difierence between the maximum 
obtamed m voluntaij' hj-perventilation and the maximum obtamed durmg mus- 
cular work (^larzahn, Gilbeau and Zaeper) The puhnonarj- i-esen'e m normal 
subjects dimmishes with age, but it exceeds 20 hters m older subjects In 
normal subjects m good condition as high values as SO hters have been observed 
(Hennannsen (123)) Instead of this procedure Kmppmg (15S) proposes to 
estimate the pulmonary reserve as the difierence between the maximum value 
of lung ventilation obtamable durmg work and the restmg ventilation rate, 
because the maximum lung ventilation durmg work is less dependent on the 
patient’s effort than is the maximum voluntaij' ventilation It maj' be ob- 
jected that both maximum voluntarj' ventilation and maximum muscular effort 
depend on the patient’s cooperation, and that bj' the latter method the total 
puhnonaiw reseiwe is not obtamed The difference between the maximum lung 
V entdation durmg work and rest m normal subjects maj' be as high as 94 hters, 
while It may be as low as 11 hters (maximum ventilation durmg work 16 hters, 
restmg rate 5 hters, difference 11 hters) m patients with emphj'sema Ehip- 
pmg (156) found a dimmution of the pulmonaij' reserve (i e a dimmiition of 
the maximum lung V'entilation obtamable durmg work) m the followmg patho- 
logical conditions (1) Stenosis m the air passages, produced bj' caremoma, en- 
larged Ij-mphnodes (tuberculosis) bronchitis, asthma, (2) exudate m the alveoh 
or obhteration (pneumonia, infarct, edema, fibrosis, sihcosis) , (3) loss of elasticitj- 
of lung tissue (emphj'sema) , (41 alteration of pleura or mediastmum (pleuritic 
scars pleuritic exudate, tumor pneumothorax, mediastinal tumors), (5) al- 
teration of the skeletal structure of thorax, (6) disease of respiraton* muscles 
and the nenous sj'stem (pohomvehtis, phremc nen'e block) 
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v.'eight, therefoie the values should be related to the bod}' weight As the maxi- 
mum oxx'gen mtake depends on the minute volume of the heart, a decrease should 
be expected m caidiac patients ]\Ieasunng the maximum oxygen mtake is, 
therefore, an mdirect method foi determming the maximum nunute volume of 
the heait, providmg the pulmonaiy s}stem is mtact Herbst(121) found a 
pionounced decrease of the maximum oxx'gen mtake m patients with lahailar 
lesions of the heart paiallelmg the degree of decompensation The s}miptoms 
of decompensation weie slight Patients with em physema and chronic bron- 
chitis behaved m smulai fashion In the lattei the maximum oxygen mtake 
was dimmished moie than the pulmonan* ventilation Harnson and Pilcher 
(110) mvestigated a type of woik (standmg-iurmmg) near to maximum capacity 
and found a reduced oxygen mtake, especiall}' m patients with imtial stenosis 
Bui-vell compaied caidiac patients wirh different degi-ees of functional disabil- 
ity One of the patients was able to perform exercise compaiable to the maxi- 
mum exercise of the noi-mal subjects, but the ox}igen mtake durmg the exercise 
was less than that of the normals, so that the ox}'gen debt vas greater In 
the otbei patients the maximum exeicise, the maximum oxygen mtake, and the 
maximum pulmonary x'entilation were much reduced 

Si'stematic mvestigations m this direction have been undertaken b}' Kmp- 
pmg and his coUaboratois (157-158) Then ex-perrmental procedure is as foUo'n s 
The subject is exarmned b}' means of a bicycle or armergometer Theergom- 
etei consists of an electneal d}'namo The resistance (and the amount of 
work calculated m watts) is gradually mcieased, until the maximum rate of in- 
take of ox}'gen is reached (Gdbeau, IMaizahn and Zaepei) or as long as the sub- 
ject is able to mamtam the speed This x-alue is reached after two to three mm- 
utes, and the work is mterrupted after another two to three mmutes The 
maximum level of pulmonar}' x'entilation is reached one or two mmutes after 


the maxunum value of ox 3 'gen mtake This occurs m normal subjects at an 
amount of work equal to 60 to 200 watts, nhile m heart patients this lalue is 
attamed between 20 to 30 watts The gaseous exchange is measured by a closed 
circmt apparatus, filled with atmosphenc air Oxygen is added at a rate to 


keep the level of the spirometer constant Thus the rate of oxj gen mflon mto 
the closed circmt sx^stem equals the oxygen consumption Using this ar- 
rangement it IS easy to see vs hen the maximum oxygen mtake is reached Under 
these precautions, the ox}'gen pressure within the s}'stem remains nearl}' con- 
stant This proceduie also protects the patient The amount of vs ork should 
not be mcreased bex ond the hmit established by the maxunum oxx-gen intake 
In normal subjects the amoimt of anaerobic performance may amount to six 
or sex'en tunes the x'alue corresponding to the maximum ox}'gen mtake, i e , up 
to a xirtual xmlue of 30 hters oxygen per mmute (Hill) The lowest normal x alue 
of the maximum oxygen mtake is one hter per mmute established in a large 
number of normal subjects Values below one hter must be regarded as patho- 
logical In many cardiac patients, compensated for restmg condition m i 
sxmptoms of insufficiency during work, the oxx gen consumption is the same as m 
normal subjects at light and moderate loads (Zaeper, Haebisch, Crane o 
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Wolf) while the pinviToiiTn oxj'gen intake is distinctly lower (Boi^ard (36)) 
Only cases compensated for restmg condition were mvesagated by means of 
this method The decrease of the maxunnm oxygen mtake was proportional 
to the degree of msuSciency for workmg condition i e to the decrease of the 
circulatoiy reserve The decrease was especially pronoonced m patient^ with 
mitral stenosis where the maximum oxygen mtake reached only the value of 
200 to 300 cc per minu te (Hermannsen (124)) This is only shghtly above the 
restmg rate of oxygen consumption In some cardiac patients the ma ximu m 
oxvgen mtake was identical with the restmg rate (Kmppmg (loS)), so that there 
was no cardiac reserve at all The rate of maximum oxygen mtake is a rather 
rehable mdex of cardiac reserve providmg no puhuonaiy comphcations are 
mvolved In the latter case the maximum oxygen mtake mdicates the capacity 
of the resDuatory' and circulatoiy system If the maximum oxygen mtake ex- 
ceeds a value of 1 300 cc per mmute, it may be assumed that there is no cir- 
culatory insufficiency (Hermannsen (124)) 

2 JIaxi77Lim of Puln7onary Ve7it7lai707i {Pul77707iary Rcsene) The maximum 
pulmonary ventilation artamed durmg maximum work amounts m the average 
to SO hters m male and 50 hters per mmute m female normal subjects These 
values are lower than those obtamed by maximum voluntary hyperventilation 
(100-150 hters Herbst (119) Smionson (241), Hermannsen (123)) Thus, the 
pulmonary reserve may be expressed by the difference between the maximum 
obtamed m voluntary hyperventilation and the maximum obtamed durmg mus- 
cular work (hlarzahn, Gilbeau and Zaeper) The pulmonary reserve m normal 
subjects diminishes with age, but it exceeds 20 hters m older subjects In 
normal subjects m good condition as high values as SO hters have been observed 
(Hermannsen (123)) Instead of this procedure Kmppmg (loS) proposes to 
estimate the pulmonary reserve as the difference between the maximum value 
of lung ventilation obtainable durmg work and the restmg ventilation rate, 
because the maximum lung ventilation durmg work is less dependent on the 
patient s effort than is the maximum voluntary ventilation It may be ob- 
jected that both maximum voluntary ventilation and maximum muscular effort 
depend on the patient’s cooperation and that by the latter method the total 
pulmonary reserve is not obtamed The difference between the maximum lung 
ventilation durmg work and rest m normal subjects may be as high as 94 hters, 
while it may be as low as 11 hters (maximum ventilation durmg work 16 hters 
restmg rate 5 hters difference 11 hters) m patients with emphysema Kmp- 
pmg (156) found a dimmution of the pulmonary reserve (i e a dimmution of 
the maximum lung ventilation obtamable durmg work) m the foUowmg patho- 
logical conditions (1) Stenosis m the air passages, produced by carcmoma, en- 
larged lymphnodes (tuberculosis) bronchitis asthma (2) exudate m the alveoh 
or obhteration (pneumonia infarct edema, fibrosis sihcosis) (3) loss of elasticity 
of lung tissue (emphj-sema) (41 alteration of pleura or mediastmum (pleuntic 
scars pleuritic exudate tumor pneumothorax mediastmal tumors), (5) al- 
teration of the skeletal structure of thorax, (6) disease of resprraton muscles 
and the nervous system (pohomyehtis phremc nerve block) 
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Xo pulmonan- reserve at all rvas found m mam^ of the patients, i e , thev were 
not able to increase their pulmonarj’^ ventilation beyond the resting rate Xe\ er- 
theless, they were not cyanotic in resting condition 

Similar expenments have been performed by Kaltreider and IVicCann (146) 
on 20 normal subjects and 28 patients (11 cases of sihcosis, 8 emphysema, 2 
chrome bronchitis, 2 bronchial asthma, 5 rheumatic heart disease) The maxi- 
mum mmute ventilation obtamed m the 20 normal subjects ranged from 49 to 
107 hters with an average of 71 hters, close to Knippmg’s values The aierage 
value of eight cases of pulmonary^ fibrosis was 46 hters and that of five cases of 
emphysema only 37 hters per mmute The puhnonaiy’’ resenm for normal sub- 
jects was 63 hters m the average, that of patients with puhnonaiy fibrosis 36 
hters, and of patients with emphj-sema only 28 hters In one case of extensii e 
fibrosis it was reduced to 11 hters In another case of minimal fibrosis the 
puhnonaiy* resen*e was similar to that of the normal mdinduals D3 spnea ap- 
pears when an mdii’idual uses more than a certam per cent of his maximum 
ventilation (Peabody (213)) Kaltreider and McCann found this d3'spnea 
(minute ventilation X 100) 

threshold 7 77— — : to be between 46 and 70 per cent m 

(maximum minute ventilation) 

normal subjects (average 59 per cent), and m patients with pulmonaiy^ fibrosis 
the average value was 71 per cent Similar findmgs were observed m cases of 
puhnonaiy emph3*sema The authors found this mdex for dyspnea more ac- 

, , total ventilation , , „ 1 /mo 

curate than the expression — — proposed b3’’ Hamson et al (lUo, 

c&p&cixy 

112) (the maximum lung %entiIation was detennmed m maximum work) In 
their expenments the normal mdividuals stopped ndmg (on the bic3’'cle ergom- 
eter) because of muscular fatigue, the patients with puhnonaiy disorders be- 
cause of dyspnea According to Kmppmg (156) senous d3*spnea dunng work 
appears only when the maximum pulmonary x entdation is dmimished more than 
70 per cent This is further endence that there is an ample puhnonaiy resen e 
m normal subjects not used even m maximum muscular work In connection 
with this the results of Drastich, Adams, Hastmgs and Compere are mterestmg 
The3’^ excised considerable parts of the lungs or produced bronchostenosis and 
atelectasis m dogs b3* endobronchial application of ammoma In restmg con- 
dition there was no deviation of the O2, CO2, and pH of the blood from normal 
values, and durmg exercise (swimming) the only denation found was a greater 
mcrease of pH These findmgs suggest that onl3* a pronounced decrease of 
maximum pulmonan* x*entilation affects the maximum oxy'gen mtake On the 
other hand, Herbst (120) found the maximum oxygen mtake m patients with 
emphy'sema and advanced bronchitis reduced more than the pulmonary x en- 
tdation , this pomts, perhaps, to secondary cardiac msufficiency In patients w*ith 
asthma both pulmonary* x*entilation and ma^nmum oxy gen mtake were reduced 
dunng maximum performance 

3 Differentialim between Pulmonary and Circulatory Insvificiency As re- 
spiratory* and circulatory* msufiicfencx* are often combmed, it is essential to i - 
ferentiate between them In uncomplicated heart disease the artenal oxygen 



lirSCtTLAP EXERCISE AXD EATIGEE EX DISEASE 


353 


saturation under resting as well as under working condition is normal (see p 403) 
Hence, an mereased oxj-gen content m the inspired air would not mcrease the 
oxvgen mtake On the other hand, m puhnonaiy insufficiency the arterial 
blood IS imdersaturated with oxygen Hence, an increased oxygen content in 
the inspired air would produce an increase of the maximum oxygen mtake Hlth 
these assumptions Ehippmg (154, 156) proposed to measure the maximum 
oxygen mtake (1) m atmospheric an, (2) breathmg an an mixture with high 
oxygen content If the decrease of the maximum oxygen mtake is due only to 
cuculatorT insufficiency, the xalue m arrangement (1) would be the same as m 
arrangement (2) In case of respiraton* insufficiency the maximum oxx'gen m- 
take wo old be greater m (2) than m (1) The degree of respiratory impairment 
could he es tima ted from the diSerence between (2) and (1) The m a x imum 
oxygen mtake m (2) would mdicate the maximum limi t of cardiac performance 
Accordmg to Ehippmg, this method is much more convement and gives better 
results than the direct measurement of the arterial oxygen saturation This 
probably is due to the fact that shght arterial undersaturation may not be detect- 
able by direct analysis, performed on 1 or 2 cc blood, while the respiratory anal- 
x'sis shows a cumulative effect related to the total amount of circulatory 
blood of 4 to 5 hters However, several objections may be raised In maxi- 
mum work, the oxygen mtake of normal subjects may be mereased when breath- 
mg 50 per cent oxygen-air mixtures (Hill Long and Lupton), although the 
arterial blood is almost completely saturated with oxygen But prohablj- these 
differences m the normal subject or m a patient with uncompheated circula- 
tory insufficiency are small compared to patients with arterial undersaturation 
Another objection is that not m all cases of respiratoiy msufficienci* would the 
arrangement (1) and (2) provide a measurable difference If the rKpiratory 
insufficiency is due to atelectasis or to fibrosis of alveolar septa the arterial 
undersaturation is produced by mixmg of fully saturated blood from the normal 
parts of the lung with a part of venous blood passmg through the atelectatic parts 
It IS clear that breathmg high oxygen mixture would not mcrease the oxj'gen 
saturation of that part of the blood flowmg through the atelectatic parts, and 
therefore no mcrease of the maximum mtake of oxygen can result In the other 
types or respiratorx' insufficiency Kmppmgs method of differentiation is un- 
doubtedly very valuable and mformative especially when one is conscious of the 
relativity of the values 

Ehippmg (156 159) and Zaeper et al (2S4) found m more serious cases an 
“oxygen deficit even m restmg condition i e , the metabohe rate was definitely 
higher when breathmg oxygen-nch air The difference paralleled the senous- 
ness of the case and was of prognostic mlue These respiratory insufficiencies 
at rest were m manj- cases not detectable by any other method Ehippmg s 
method was of considerable prognostic value for the tolerance of coUapse therapy 
m pulmonary t aberculosis It is mrerestmg that even a shght mcrease of the 
oxvgen content m the inspired air (25 to 30 per cent) was sufficient to oiscover 
artenal oxx gen deficits 

The measurement of the maximum oxygen mtake is probably the best method 
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to measure the cardiac and pulmonaiy reserve It is an objective method, al- 
though it depends on the patient’s cooperation to vork with mavunum effort 
As considerable effort is demanded, it should be restricted to patients fully com- 
pensated for restmg condition and apphed under necessarj’" precautions (Khip- 
pmg, Hermannsen (124)) The load shold not be mcreased bejmnd the maxi- 
mum oxj'gen mtake Therefore, for many questions the mvestigation of a 
submaximum standard type of work is moie appropnate 

The maximum capacitj’- for work is certainly dnmnished m any disease, but 
besides pulmonarj’- and heart diseases it has been mvestigated only m hyper- 
thyroidism The deciease is more pronounced at high speed than at low speed 
(Herxheimer and Kost (126), Bansi and Grosscurth (12, 16)) The impairment 
m hyperth 5 moidism is not due to a diminution of blood circulation or lung 
ventilation, but to disturbances of oxidative and metabohc processes m the 
tissues, connected with a low efficiency foi muscular work (see Chapters II and 
III) In the later stages of this disease, however, the circulatory S 3 'stem is 
impaired, so that m those patients the dimmution of the maximum capacity 
for work is also due to the circulatorj’’ system 

4 Maximum Oxygen Debt As another objective method to measure the 
maximum capacity for work, the measurement of the maximum oxj'gen debt 
has been used Ox 3 "gen debt is the excess amount of ox 3 'gen consumed dunng 
the recoverj’- period (some details of its measurement aie discussed m Chapter 
III, B) The ox 3 'gen debt mcreases with the mtensity of work and reaches the 
highest amount m anaerobic vork (of a duration between 10 to 30 seconds) 
performed with maximum speed or load The maximum oxygen debt is lower 
m cardiac patients (Heibst (121), Meakms and Long, Harnson and Pilcher 
(110)) The latter authois beheve that the factoi limi ting workmg capacit}’' m 
patients is the mabihty to accumulate a large oxj^gen debt It is also possible 
that this failure results from the mabihts’- of patients to perform the huge amount 
of anaerobic work necessarj’ to contract a maximum oxj’^gen debt It has been 
shown that accumulation of ox 3 '’gen debt plaj^s only a secondary role m fatigue 
of normal subjects (Simonson and Sirkma (254)) There is no expenmental 
endence that m patients the accumulation of the ox 5 ’gen debt is of greater func- 
tional importance than m normals As the mtensits’^ of anaeiobic work exceeds 
that of maximum oxygen mtake, the danger of overtaxmg the patient is much 
greater Furthermore, m a given submaximum standard t 5 q)e of work, the 
oxj'gen debt is usuall 3 - gi eater m patients (see Chapter III) If the same method 
(measunng of the oxj’-gen debt), applied m different conditions (maximum work 
and submaxnnal standard work), giies just opposite mdices foi eialuation of 
results, confusion might easilj-^ result 

5 Relative Maximum Worhing Capacity The danger of overtaxmg the patient 
mth maximum performance mduced some authors to mvestigate a relatn e maxa- 
mum capacity, related to sjmptoms manifest before the absolute maximum is 
reached Alaster and Oppenheimer (185, 186), for instance, usmg as standard 
work ascending and descendmg tvo steps, gradually mcreased the number of 
ascents until the maximum number was reached which could be accomph'he 
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witiiout delving beyond tn^o minutes tbe return of blood pressure and pulse 
rate to resting condition The niaxmumi tolerance is calculated as foot pounds 
per mmute dependent on age, sex and body weight It is doubtful whether 
this method gives moie than the measure of recover!' processes after a gii en 
standard work (see p 370) and it is more complicated because the work must be 
repeated several tunes until the maxmiiim niinibci of steps is established 
Proger jMmnich, and Magendautz measured the endurance m hai-d iTOik (ivith 
the bicvcle ergometer) m patients with angina pectoris until the appearance of 
pain The pun is undoubtedlv partialli- due to anoxeiiua (Ivatz et al (150)), 
but other less measurable factora are mvoh cd too for mstance, the difiei'ent 
indmdual sensitivitv of the central nenoiis sj'stem This method cannot be 
used to compare normal subjects and patients and haitlly for compai^on of 
different patients How ever, it might be used to show the effect of therapeutic 
procedures m the same patient Thus the endurance increased m one patient 
with angina pectoris from 4 minutes to 9 5 minutes and m another from 4 min- 
utes 50 seconds to 7 to S mmutes after abolishmg the cardiac irregularities by 
qiimidm sulfate 

Smiilar m this respect are iSIeans and Neu burgh s studies thev incrcased the 
load until the sensation of “discomfort’’ -was reported The thrashold of dis- 
comfort for normal subjects iras 1 040 mkg per mmute, that of a patient uath 
mitral and aortic msufficiency only 630 mkg per mmute This patient aras 
able to do hght work without discomfoit ITe mentioned that the sensation of 
disconifoit IS of quite difterent character in noimal mdiaiduals and m cardiac 
patients 

Numerous mvestig-itions to establish an mdex for rclatne maxunum work 
tolerance have been performed bv Barrmgor and Tcschnei (lS-21) Thea' found 
that the sa-stohe blood pressure reached the highest a alue one or taa o minutes 
aftei the work if the woik exceeded a ceitain amount The amount of woik 
requircd to call forth this delaa-ed increase of the sa'stohe blood pressure paralleled 
the uidiaadu"! workmg capacita- The amount of avork where the delaaed in- 
crease of blood prcssuie occurred aa-ns given in foot pounds The standaial 
aaork used aa-as lifting of dumbbells of 3 to 25 pounds each In patients (19-21) 
the delaaed rise of the sa-stohe blood piessuie occuired aftei much smaller 
amounts of work aahile the noimal relatiae capacita* was giaen in thousands of 
foot pounds, that of patients amounted to onla* some hundreds of foot pounds 
Patients watli marked cardiac insiifncicnca* could not do the slightest amount of 
aaork aaathoiit the delaa cd increase With the improa ement of the p‘'ticnt s con- 
dition the amount of aaork which could be done aaathoiit the delaa*ed blood pi-cs- 
sure rise maikedla- increased Barnngci and Tesclinci bchea'c that the delaa cd 
blood pressure increase indicates an oaertaxing of the left aentncle There is 
no evidence for this explanation The nuniite a olume of the heart drops im- 
mediatela- after cessation of avork, m normal subjects as well as m patients 
Hence, the delaaed blood pressure increase is probably due to distuibance of 
tbe peripheral aascular regulation Barringers phenomenon h^s been con- 
firmed ba Cotton Eapport and Lewas iMann used Bamngers phenomenon 
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to measure the cardiac and puhnonaiy reserve It is an objective method, al- 
though it depends on the patient’s cooperation to vork ivith maxunum effort 
As considerable effort is demanded, it should be restncted to patients fully com- 
pensated foi restmg condition and apphed under necessar3’' precautions (Kmp- 
pmg, Hermannsen (124)) The load shold not be mcreased bej’^ond the maxi- 
mum oxj’-gen mtake Therefore, for many questions the mvestigation of a 
submaxunum standard tjqie of work is moie appropnate 

The maximum capacity for work is certainlj’- diminished m anj" disease, but 
besides puhnonars’- and heart diseases it has been mvestigated only m hjqier- 
th3Toidism The deciease is more pronounced at high speed than at low speed 
(Herxheimei and Kost (126), Bansi and Grosscurth (12, 16)) The impamnent 
m hj’perthj^roidism is not due to a diminution of blood circulation or lung 
ventilation, but to disturbances of oxidative and metabohc processes m the 
tissues, connected with a low efficiency for muscular v ork (see Chapters II and 
III). In the later stages of this disease, however, the circulatoiy S3’’stem is 
impaired, so that m those patients the dimmution of the maximum capacity 
foi work IS also due to the circulatorj’^ system 

Ij. Maximum Oxygen Debt As another objective method to measure the 
maximum capacity for work, the measurement of the maximum oxj'gen debt 
has been used Oxygen debt is the excess amount of oxygen consumed dunng 
the recoverj^ penod (some details of its measurement are discussed m Chapter 
III, B) The oxj'gen debt mcreases with the mtensity of work and reaches the 
highest amount m anaerobic work (of a duration between 10 to SO seconds) 
performed with maxunum speed or load The maximum oxj'gen debt is lower 
m cardiac patients (Herbst (121), Meakms and Long, Harnson and Pilcher 
(110)) The latter authors beheve that the factoi hmitmg working capacity m 
patients is the mabdity' to accumulate a large oxj^gen debt It is also possible 
that this failure results from the mabibty’’ of patients to perform the huge amount 
of anaerobic work necessarj' to contract a maximum oxj'gen debt It has been 
shown that accumulation of ox3'^gen debt pla3'S onl3' a secondary role in fatigue 
of normal subjects (Sunonson and Sirkma (254)) There is no expenmental 
endence that m patients the accumulation of the ox3'gen debt is of greater func- 
tional importance than m normals As the intensity' of anaeiobic vork exceeds 
that of maxunum 0x3 gen mtake, the danger of overtaxmg the patient is much 
greater Furthermore, m a gixen submaxumim standard tyqie of vork, the 
ox3’gen debt is usuall3- greater m patients (see Chapter III) If the same method 
(measurmg of the oxygen debt), apphed m different conditions (max-unum work 
and submaxunal standard work), gnes just opposite mdices for evaluation of 
results, confusion imght easil3' result 

o Relative Maximum Working Capacity The danger of ov ertaxmg the patient 
with maximum performance mduced some authors to mv estigate a relatn e maxi- 
mum capacity, related to S3-mptoms manifest before the absolute ma-amum is 
reached Alaster and Oppenheuner (185, 186), for instance, usmg as standar 
work ascendmg and descendmg two steps, gradually mcreased the number o 
ascents until the maxunum number was reached which could be accomp i- c 
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■without dela'sung beyond two minutes the return of blood pressure and pulse 
rate to restmg condition The niaMmimi toleiance is calculated as foot pounds 
per mmute dependent on age, sex, and bodj’- weight It is doubtful whether 
this method gives moie than the measuie of reco\eiy processes aftei a given 
standaid 'vvoik (see p 370) and it is moie complicated because the woik must be 
repeated seveial tmies until the maximum numbei of steps is established 
Proger, hlinnich, and Magendantz measuied the enduiance ui haid woik (mth 
the bicycle eigometei) m patients -with angina pectoris until the appeal ance of 
pain The pam is undoubtedly partially due to anoxemia (Katz et al (150)), 
but other less measuiable factom aie mvolved too, foi instance, the diffeient 
individual sensitmt 3 ’- of the cential neiwous sj’stem This method cannot be 
used to compare noimal subjects and patients and haidlj’' foi compaiison of 
diffeient patients Hon ever, it might be used to show the effect of theiapeutic 
proceduies in the same patient Thus, the enduiance increased m one patient 
with angma pectoiis from 4 mmutes to 9 5 minutes and m anothei fiom 4 min- 
utes 50 seconds to 7 to 8 minutes aitei abohslung the caidiac iiiegulaiitics by 
qumidin sulfate 

Similai in this respect are Means and Newbuigh’s studies thej' inci eased the 
load until the sensation of “discomfort” nas leported The thieshold of dis- 
comfoit foi nomial subjects was 1,040 mkg pei minute, that of a patient vath 
mitial and aoitic insufficienc 3 ' only 630 mkg pei minute Tlus patient was 
able to do hght -nork uathout discomfoit We mentioned that the sensation of 
discomfort is of quite diffeient chaiactei m noimal individuals and in caidiac 
patients 

Numeious mx estigations to establish an index foi lelative inaxmium voik 
toleiance have been peiformed b 3 ' Bamngci and Teschnei (18-21) Thc 3 '‘ found 
that the sx’^stohe blood pressuie reached the highest value one oi two minutes 
aftei the woik if the woik exceeded a ceitain amount The amount of noik 
lequiicd to call foith this delax ed mciease of the S 3 ’stohc blood pressuie paialleled 
the mdmdual xxoilang capacit 3 - The amount of xxoik xxheie the dola 3 "od m- 
ciease of blood piessiue occuned xxas gix'en m foot pounds The standard 
x\oik used xx'as lifting of dumbbells of 3 to 25 pounds each In patients (19-21) 
the delaxed rise of the S3-stohc blood piessuie occuned aftei much smallei 
amounts of xxoik, while the noimal lelatixm capacit 3 ’^ xxas gixen m thousands of 
foot pounds, that of patients amounted to oidx" some hundieds of foot pounds 
Patients xxath maiked caidiac insufficienc 3 ' could not do the slightest amount of 
xvork xxathout the delax'ed increase With the imjiiovement of the patient’s con- 
dition the amount of xxork xxhich could be done xxathout the dcla 3 ^ed blood pics- 
sure rise maikedh’ increased Barringei and Teschnei believe that the dola 3 'ed 
blood pressure mciease indicates an ox'ei taxing of the left x cntricle There is 
no evidence for this explanation The minute volume of the heart drops im- 
raediatelx after cessation of xxoik, in normal subjects as xxell as in patients 
Hence, the delaxed blood pressure increase is probabb' due to distuibance of 
the penpheral xascular icgulation Bariinger’s phenomenon has been con- 
firmed bv Cotton, Rappoit and Lexxas hlann used Barianger’s phenomenon 
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and found the capacity for the relatiTe maximuni work niarkedl}' decreased m 
ten patients in the early stage of convalescence after infecnous diseases and an 
increase with the progressing improvement of the patients condition Also 
Proger et al noticed a delayed increase of the blood pressure m a group of cardiac 
patients In Wilson’s mvestigations m 45 normal children and in 116 patients 
m the age of 6 to 15 years the dela5'ed mcrease of blood pressure was less con- 
sistent and less significant Probst mvestigated bod5’’ bendmg (20 times m 45 
seconds) m 66 cases with rmtral regurgitation Xone of his patients showed the 
delayed blood pressure mcrease, but Probst did not mcrease the amount of 
work, so that bodj* bendmg was perhaps too mild an exercise to produce this 
phenomenon 

On the other hand, m many patients the heart mmute volume drops below 
the restmg value after the exercise, especially m decompensated patients, leadmg 
to outnght collapse (Bansi and Grosscurth (14, 15)) These obseivations hard!} 
can be reconciled with Bamnger’s findmgs It ma3’^ be mentioned that many 
authors obnoush- have not noticed this phenomenon, otherwise thej^ would not 
have faded to mention it Barrmger pubhshed his papers m 1915, we were 
unable to find anj- references after 1924 A further studj' of this phenomenon 
maj’’ be mterestmg 

n DECREASE OF EFFICIEXCT (eCOXOMt) OF MUSCULAR WORK IX DISEASES 

A Methodical Remarks 
W 

The coefficient of e&ciency is ,= =r, where W is the amount of nork done 

Ew—R 

(calculated as calones, 1 calone equals 427 m-kdos), Ew the total energ)’’ ex- 
penditure, R the energy expenditure durmg rest Ew and R are computed from 
the Oo consumption (mdirect calonmetrj^) There are two methods to detemune 
the coefficient of efficiencj^ (1) To measure the excess energj' expenditure from 
the begmnmg of work untd the end of recoverj’^ and to relate it to the total 
amount of work done This method is the onl3' one which can be applied m 
muscular work of short duration (1 to 7 mmutes) The total excess energj' 
expenditure consists of two parts the energ3' expenditure (a) durmg work and 
(b) durmg recoverj' correspondmg to the oxj'gen debt Smce most mvestiga- 
tions concern t3’pes of work of short duration, this method has been used m the 
majonty of experiments (2) To measure the excess gaseous exchange per 
mmute durmg the stead3' state of ox3'gen consumption (which is attained after 
3 to 5 mmutes of exercise) and to relate it to the amount of work done per 
mmute 

In normal subjects theie is a fairlj good agieement between both methods of 
calculation (Hdl), but this nught be due to the fact that the lelatn e importance 
of the 0x3 gen debt dimimshes with the duration of work, so that maw ork of 
20 to 30 mmutes duration, with a stead3' state of 15 to 25 minutes, 1 anations of 
the ox3'gen debt would not alter the coefficient of efficiencj' considenblj' 

The oxidative processes responsible for the oxygen debt are probablj different 
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of short duration the ethciency vrae decreased in patients compensated for Tis^mz 
conditions Tnth eornc symptoms of decompensation such as sorac edema in tbe 
evening and dyspnea dunng work fEppingcr and Hnisbcrg Eppinger, 

Kisch and iichv,arz (72, 74), Laszio fl6£>, 107)), Zaeper, Haebisch ct aJ found 
the efficiency normal in the same type of v,ork in three cardiac patients obn- 
ously m better condition than those of Eppmger and La=zJo (“v/ith only slight 
dimmution of v.orkmg capacity”) Bansi and Grosscurth (14, 15) found the 
cdficiency' m the same type of work normal m patients vnth fully compensated 
vahmlar l&sious and diminished in decompensated patients vho vcrc unable to 
increase sufficiently the minute volume of the heart The efficiency' vas normal 
in the CTpenrnents on 11 cardiac patients of Simonson and Gollvitzer-Mcier 
(248) In moderatch' heavy' v.ork dbicyclc ergometer) Herrmansen (124; found 
a dimmished efficiency in patients compensate/J for resting condition vnth some 
dyspnea during vork, vhile Herbsl (121; m a rather hard mascnlar oerciee 
found the efficiency' decre-ased in fully' compensated patients 

ThLs matcnal appears to -hov. that the efficiency' does not reflect the pnrnan 
lesion in cardiac patients Patients vnth ‘-.ome light ■symptom:! of decompen- 
sation are able to perform Iiglit and moderate vork vnth normal efficiency', 
V/hich seems to decrease only v.hen the sy'mptoms of decompensation arc more 
pronounced On the other hand, in hard musCnlar vork the efficiency of fully 
compensated patients may be diminished The diminution of efficiency i- 
causcd only' by' the increase of the orygen debt The oxy'gen intake dunng the 
v'ork IS even dimim=hed In the observations of Ham-on and PiJchcr (1 10) 
(climbmg slairs), and of )Simonson and Gollvotzer-Meier (248) (genufie-zionO, 
the incTc-asc of the ory'gcn debt compensated for the dirnini-hed ozy'gcn intal e 
dunng the vork, so that the efficiency related to the total energy oyicnditure 
dunng VfOrk and recovery' v,as normal The increase of the orygen debt, there- 
fore, Is much more consistent and charactenslic for cardiac insufficiency than i= 
the decrease of efficiency' The osy'gcn debt i- contracdecl dunng the anaerobic 
penod of v. ork. Accordingly', v,c mu-l conclude that the dccrca-e of the efficiency' 
in patients vnth heart dnea-e is due to a disturbance of the metabolic proces-cs 
in the fiist minutes of crcrcisc, i e , dunng the penod of adaptation Simon-on 
ct al (240, 245; ha\e ‘■hovm that the efficiency is lov, al-o in normal -nbjcct- 
dunng this penod and impro'.'Cs inth the increase of oxygen transportation 
The metabolic processes in the beginning of v.ork may be considered as a kind of 
emergency' reaction v.ith low economy' Wide thc-e unfa'.orablc procf s-es arc 
soon replaced in normal subjects a- the v.ork progre--e=, they ^cern to be muTi 
more pronounced and persistent in paticnt- 

In the steady' state of rnu-ciilar exerci-e, where an rquilibnum between oxygen 
supply and demand may be assiirncd, Peabody' and .Sturgis found the efficif ncy 
practically' the ‘-amc in 11 normal subjects and 11 cardiac patient'- fwalkingin a 
treadmill) Proger and Korth ob-civ'ed on the bicycle ergometer a coefficient 
of efficiency of 14 4 per cent in 6 cardiac patients compared to a coefficient of 
22 6 per cent in 2 norrnak In 3 of the patient'- the efficiency' could be increa.-ed 
b' training, "O that it equalled the normal -value- after the training peno' 
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(26 per cent) These authors calculated the efficiencj- from the steadj' state of 
oxj'gen consumption durmg the 27th to 30th minute of ivork They mcreased 
the load by one and one-half pounds and calculated the “net efficiency” from 
the difierence of the amount of ivork at tivo difierent loads and the correspondmg 
difference of the oxj'gen consumption This procedure is discussed on page 
361 The different “net efficienci'” of patients and normals mdicates only that 
the ox}-gen consumption mcreases more m patients than m normals uith mcreas- 
mg load, which is qmte consistent with the other matenal discussed The 
absolute oxygen consumption at the lower load averaged the normal range In 
the same type of moderate work (234 and 351 m-lolos per mmute) the efficiency 
was normal m mvestigations of Alt, Walker and Smith on 7 patients and 3 nor- 
mals One of these cases was descirbed as “advanced aortic msufficienc}’,” 
but obviously he must have been able to perform the exercise for 25 mmutes 
duration 

!Matenal on the fundamental question concemmg the detenoration of the 
economy of muscular work durmg the steadi- state m patients with heart disease 
IS scanty It seems qmte possible that durmg the steady state the oxidative 
processes m cardiac patients are normal when a certain load is not exceeded 
!Many patients with heart disease are certainlj- able to work with normal effi- 
ciency withm the limits of the steadj- state of o'wgen mtake that thej- are able 
to mamtam It is known that the basal metabohc rate is mcreased m many 
patients with heart disease (bibhographj- s Altschule) Is there anj* relation- 
ship between the mcrease of energy expenditure durmg rest and durmg work’ 
The mcrease of restmg metabohc rate is to a large degree due to the hj-perpnea 
(Peabodj-, Wentwortn and Barker) The pulmonarj- ventilation m cardiac 
patients durmg work mcreases more than m normals ((see Chapter Y) But 
the relative importance of this factor for the energj- expenditure drmmishes as 
the absolute energj- expenditure mcreases The dimmution of efficiencj- is more 
pronounced the harder the tj-pe of exercise Therefore, pulmonaij- hj-per- 
ventilation plaj-s a small, almost neghgible role m the deterioration of efficiencj- 
The same might be said of the efficiencj- of the heart itself It is known 
that the efficiencj- of the hj-podj-namic heart is dunmished The part of the 
heart m the total energj- expenditure durmg rest is estimated to be between 5 and 
10 per cent A change of the efficiencj of the heart is inthm the techmcal error of 
the measurement of the gaseous exchange Revers found no relationship be- 
tween the mcrease of the restmg metabohc rate and the decrease of the efficiencj- 
There is reason to beheve that the detenoration of efficiencj' is related to the 
tissue anoxia We mentioned the parallelism of the decrease of the efficiencj- 
to the mabihtj- to mcrease the stroke volume of the heart Loewj , Cohnstamm 
et al found the efficiencj- of muscular work 25 per cent and 61 per cent less at an 
altitude of 2,450 m The diminished economy could be reproduced in expen- 
mental acute collapse, where the circulation through the muscles is diminished, 
leadmg to oxj-gen lack m the tissues In Eppmger s (69) experiments on dog- 
durmg the pepton and histamm shock, a given amount of work wa= produced bj 
electncal stimulation of the sciatic neixe, and the oxj-gen consumption was 
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greatly increased after a prunarj’’ drop, so that the efficiencj* was only one-fourth 
of the normal value In circulatoiy msufficiency there is also a peripheral O'^'^gen 
lack partiall3’^ due to the storage of large amoimts of blood m the capillanes 
(backward failure) sunilar to coUapse and partiall5^ due to the mabihtj’' of ade- 
quate mcrease of the heart mmute volume (forward failure) The madequacy of 
oxj-gen suppty leads to a disturbance of the chemical processes, charactenzed 
bi'’ mcreased formation of lactic acid, which is especiaUj’’ pronounced during the 
penod of adaptation The deterioration of efficiency is generally parallel to 
the state of the patients, but m patients with shght sjunptoms of decompensation 
the efficiencj’- maj- still be normal, while other functions (oxj^gen debt, recovei^O 
show distmct denations This concerns the comparison of patients with normals 
and os partially due to the considerable mdindual variations and technical errors 
as discussed above If the efficiencj’’ of the same patient is compared m different 
conditions, it may reflect the patient’s condition qmte accurately (Blumenthal) 
The efficienc 3 ^ was improved m patients with angma pectons after th3TOidectomy 
and by prolonged restncted diet (Proger et al ( 221 )) and after 14 to 28 da3's 
treatment with massage m three patients with shght S3Tnptoms of decompen- 
sation, the improvement of the efficienc3’^ was due to the dimmution of the ox3'gen 
debt (Eppmger and Hmsberg ( 71 )) 

The efficiency of muscular work is normal m h3q)ertension (Harns and Lipkm, 
GoUwitzer-jNIeier and Simonson ( 93 )) 

C Patients with Exophthalmic Goiter 

There is complete agreement that efficiency m an3' t3q)e of work is considerably 
reduced m patients with h3q)erthyTOidism The mcrease of energy expenditure 
for the umt of external work may be more than double the amount m normal 
subjects The deviations of efficiency m hyperth3'Oidism are much greater than 
m heart disease Obiuously the decrease of efficiency m h3q)oth3TOidism is 
concerned with the fundamental disturbance S imil ar obseiv'ations have been 
made b3’ Bansi ( 12 ), Smith, Herxheimer ( 126 ), Thaddea, Zondek, Plummer and 
Boothb3^, Kisch, Boothby and Sandiford The ox3’^gen consumption durmg 
work and durmg the stead3’- state was mcreased as well as the oxj'gen debt 
(Thaddea, Plummer and Boothb3^, Boothb3’^ and Sandiford) The mcreased 
metabohsm durmg rest cannot be used for the mcreased demand durmg exercise, 
on the central^', the conversion of chemical energ}-^ mto mechamcal energj' is 
greatl3^ unpaired 

Th3'TOidectom3’’ leads to a consistent improvement of the efficiencj^, almost to 
normal values, while the improvement of the basal metabohc rate was not as 
consistent (Boothb3’’ and Sandiford) The denations of the coefficient of efiS- 
cienc3^ precede the alterations of the B hi R when the patient’s condition im- 
proves or becomes v orse (Eosch, Boothb3' and Plummer) In begmnmg exoph- 
thalmic goiter the coefficient of efficiency ma3' be decreased before the B M R is 
elevated (Zondek, Thaddea) 

The coefficient of efficiencj- more nearly parallels tne senousness of the disease 
than does the mcrease of the basal metabolic rate and therefore might be of 
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conaderable diagnostic and prognostic value Increased production of thyroxin 
does not account for the increased energy expenditure during urork Eonnation 
of thyroxin as trell as its action on the oxygen consumption are much too sloiv 
and too smah m amount to be responsible for the rapidly mcreased oxygen con- 
sumption durmg work This does not exclude the possibihfj' that the calorigemc 
effect of mjected thyroxm is mcreased by a period of trauung as shown by Bo- 
othby, Buckley and IVilhehn] Their results may be explamed by the vaso- 
dilatation produced by training so that the mjected thyro.vm is distributed to a 
greater surface for its metabohc acnon Kommerell (162) tried to find an ev- 
planation m another direction He mvestigated a dog pullmg a load of 2 and of 
x kilos while runnmg in a treadmill After thyroidectomy the eneigj- expenditure 
dropped for rating condition between — 10 and — 17 5 per cent, for 'working 
condifaon — 10 per cent for the 2 kilo load and for the 4 kdo load — 15 3 percent 
After mjection of thyro'xm the energy expenditure mcreased most pronouncedly 
for the 2 kilo load The same experiment "was earned out (163) on a patient 
with exophthalmic goiter havmg a basal metabohc rate of 4-60 per cent and 
compared to a normal subject The subjects bad to perform work mth the 
bicycle ergometer at two different loads, equal to an amount of ISO and 360 
m-kilos for 4 to 7 mmutes The efficiency calculated from the difference of the 
two loads was the same m both subjects, although the absolute values were higher 
m the patient Hence, Kommerell concluded that the proper or net muscular 
efficiency is unchanged m exophthalmic goiter, and that therefore the detenora- 
tion of efficiency must be due to mcreased energy expenditure, brought about bj- 
detenoration of motor coordmation IKe beheve hotvever, that Kommerell's 
interpretaion of his results is not correct Kommerell based his mvestigation on 
Atzler s (S) scheme that the energy expenditure for the load 0 may he extrapo- 
lated from the difference of the eneigy expenditure between two loads For a 
rather tvide range of loads the energy expenditure mcreases m hnear relationship 
to the mcrease of the load If the energy expenditure (ordmata) at two different 

loads (abscissa) is connected by a hue, the prolongation of this Ime cross^ the 
ordmata at the load 0 at a defimte pomt above the abscissa It is assumed that 
this value must be the energy expenditure for the same tt-pe of movement but 
without anv load, so that alteranon of this 0 value must be related to an alteration 
of the motor coordmation The efficiency calculated according to the formula = 
jp. jp 

(TT; and TTi = amount of work at two different loads E~ and ~ the 

jbl 

correspondent energj* expenditure at two different loads) would mdicate the 
proper or net muscular efficiency after ehmmation of the energy eypendirure 
for the movements of legs and parts of the bodj- Simonson (243) has shown 
that the above formula expresses onl\- the mcrease of the number of stimulated 
muscle fibers necessary to produce an mcreased amount of work mth mcreasmg 
load In this mcrease the amount for the static component (stabihzation of 
posture) IS also mcluded Kommerell s findmgs that the mclmation of the 
curve of the energi* expenditure with mcreasmg load parallels the normal cun e 
(at higher absolute values) can only be mterpreted as mdicatmg that the stmiu- 
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lation of additional muscle fibers witb mcreasmg load proceeds m the normal way 
m exophthalmic goiter, that is, that a fundamental element of motor coordina- 
tion IS not disturbed, qmte contrary to KommereU’s own conclusions, based on 
the change of extrapolated values at zero work Nevertheless, Kommerell’s 
results are very important They' show that the fundamental disturbance is 
already demonstrable at small loads, w'hile m heart disease the decrease of 
efficiency is pronounced only’’ with mcreasmg load Thus, the same formula of 
calculation of the “net efficiency” gives diffeient results m cardiac patients, 
m cardiac patients the “net efficiency” may'^ be decreased although the absolute 
efficiency at small loads may be normal, but m patients with exophthalmic goiter 
the “net efficiency’^” may be normal at greatly diminished absolute efficiency 
This would demonstrate the different natme of processes responsible for the 
deterioration of the efficiency m heart diseases and m exophthalmic goiter But 
the results of KommereU were obtamed on only one animal and one patient, 
so that further mvestigations m this direction are desirable 
More conclusive are the mvestigations of Herxheimer and Kost and of Bansi 
(12) These authors found the decrease of efficiency’ much more pronounced at 
high speed than at low’ speed The eneigy’ expenditure mcreases with mcreasmg 
speed m normal subjects due to the viscosity of the muscles (HiU) At high 
speed a greater amount of energy is necessary’ to overcome the resistance of the 
muscle produced by its viscosity’ The mcrease of the energy’ expenditure occuis 
at much lower speeds m patients with exophthalmic goiter, and the patients 
are not able to reach the highest speed values of noimal subjects Herxheimer 
and Kost classified their 15 patients mto three different groups according to the 
reaction agamst mcreasmg speed In the second group the oxygen consumption 
was normal at moderate speed but higher at maximum speed than that of normal 
subjects, m the most senous group the oxygen consumption was very' consider- 
ably’ mcreased at the slowest speed and mci eased stdl more with highei speed 
Bansi’s observations aie identical He used (like Plei’xheimer) stair climbmg as 
standard work In one ty'pical case with exophthalmic goiter the oxy’gen con- 
sumption per m-kilo was 10 5 when the stairs weie ascended m 45 seconds, com- 
pared to the normal value of only’ 2 2 cc Oz per m-kilo at corresponding speed 
After occlusion of the thy’roid artery’ the value for 45 seconds duration of as- 
cending was only' 3 3 The pronounced mfiuence of speed on the efficiency m 
patients with exophthalmic goiter may’ be explamed (1) by' increase of the iis- 
cosity of muscles, (2) by’ some physiological proces'^es, whem the time factoi is 
essential It is qmte possible that the viscosity is mcreased Diiect investi- 
gations on muscular viscosity’ are not y’et available The disturbance cannot be 
due to any’ circulatory’ factor, because the minute volume of the heart is not 
decreased, but increased m exophthahnic goiter as long as no secondary’ sy’mptoms 
of circulatoiy msufficiency occur Hence, we come to the conclusion that the 
pronounced mfiuence of speed must be due to change in muscular vascosity' or to a 
dimmution of the speed of oxy’gen diffusion from the capillanes mto the tismes 
or to a disturbance of the speed of those processes w hich are the link betvv een e 
liberation and utihzation of oxidativ'e energy 
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D Patients vnth Myxedema 

We know of only two mrestigations on the efficiencj* m patients with myx- 
edema Bruch compared one child with mj'xedema with two normal children 
(between 12 and 14 years) The oxygen consumption durmg work was less m 
the patient with myxedema This would be m agreement with Kommerell s 
findmgs on a dog after thyroidectomy On the other hand, E Lei'y found the 
efficiency normal m patients with myxedema, but they were treated with 
thjToxm 


E. Patients with Obesity 

The efficiency of muscular work has some theoretical mterest m obesity It 
has not been possible to explam the development of obesity either from a dumnu- 
tion of the basal metabohc rate or by the specific dynamic action of foodstuffs 

If there be a decrease of the metabohc rate durmg exercise m obese patients 
the obesity could be explamed by the mcreased efficiency those patients would 
need less energy for the performance of muscular work Gessler (So, 86) , mdeed, 
obser\-ed m obese subjects an efficienC3' 20 per cent higher than that of normal 
subjects Bansi (12) found no consistent or sigmficant changes of efficiencj" m 
obese subjects, but the negative phase (see p 374) was more frequenth* observed 
than m normals so that the oxj-gen debt was less When the total excess oxj-gen 
consumption is calculated from the oxj-gen consumption durmg work and re- 
co-^ erj", as is necessarj* m work of short duration, the total energy expenditure 
IS mdeed more frequentlj" diminished m obese subjects due to the negative 
phase These findmgs maj* be regarded as partial confirmation of Gessler’s 
results Wang, Strouse and IMorton (271) found the efficiencj* to be lowest m 
27 obese women, higher m 9 normal women and highest m 7 women with under- 
weight of 27 6 per cent Wang (273) reproduced the same results m another 
senes of experiments These authors used the bicj*cle ergometer and measured 
the oxj-gen consumption durmg 3 to S mmutes exercise, but they did not measure 
the oxj-gen debt The absolute values, therefore, are not correct But m 
another studj*, the same authors (Wang, Strouse and Snuth (274)) found the 
oxj-gen consumption durmg recoverj* after the same standard nork higher m 
oven\ eight and underweight patients Therefore it seems probable that effi- 
ciencj- of underweight subjects would equal that of normal subjects, while the 
efficiencj- of obese subjects would be defimtelj* lower if the oxj-gen debt be con- 
sidered A lower efficiencj- m obese patients was found also bj- Alt, Walker, 
Snuth and bj- Prodger and Denmg with the bicycle ergometer, by Voss with a 
tj-pe of work similar to Kmppmg’s ergostat, and bj* Lauter and Baumann (nath- 
out mdication of the ti-pe of work used) Kommerell (161), also usmg the bicj-cle 
ergometer, found the efficiencj- of obese subjects m the normal range and no 
negatn e phase, contrarj- to Bansi It is possible that the different tj-pes of work 
used bj- the different authors explam to a certam degree the discrepancies of 
the results We belies e, howei or, that the discrepancies are probablj- due to 
the fact that the sj-mptom of obesitj may be the expression and the final result 
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of quite different metabolic disturbances This is m agreement with the gener- 
allj’ accepted 'new 


F Patients with Diabetes 

Krogh (165) and Lmdhard have sho'wn that efficiency' is about 10 per cent 
lower, when fats are used as fuel for muscular work than when carbohydrates 
are used Hence, a decrease of efficiency m diabetes must be expected, because 
the proportion of fat combustion is mcreased m diabetes durmg rest and in exer- 
cise In nme patients ■with moderate to serious diabetes Grafe and Salomon 
found the efficiency decreased, but the decrease showed no relationship to the 
seriousness of the disease They’^ mvestigated the steady state m a type of 
ergometer s imil ar to that used by Knippmg Efficiency was decreased m elei en 
elex'en patients with moderate diabetes (controlled ■with insulm) compared to 
45 normal subjects (Simonson and GoUwitzer-jMeier (249)) Steward, Gaddie 
and Dunlop found equal efficiency m patients ■with diabetes and normal subjects 
(bicycle ergometer) The condition of their patients was not mdicated, but 
they obmously were m a fairly good condition accordmg to the rather high rate 
of work they were able to perform Most informative are Alberts’ and Die- 
tnch’s thorough mvestigations Their subjects performed a moderately heax-y^ 
work of 6,000 m-kdos -withm ten minutes (bicycle ergometer) The coefficient 
of efficiency of ten normal subjects averaged 19 5 per cent ± 0 66 at a respiratoiy 
quotient of 0 95 The efficiency was calculated from the total amount of vork 
and the total excess oxygen consumption durmg work and recovery The 
efficiency of ten patients with diabetes, but -without acidosis was slightly less 
18 9 per cent ± 0 33 at a respiratoiy quotient of 0 91 The proportion of fat 
m the combustion durmg exeicise was 18 per cent for the normal subjects and 
30 per cent for the diabetic patients The sbght decrease of efficiency m this 
group could be fully attnbuted to the mcreased proportion of fat combustion, 
accordmg to Krogh and Lmdhard In four diabetic patients -with acidosis the 
efficiency was only 15 3 per cent =r 0 36 at a R Q of 0 85, mdicatmg a proportion 
of fat combustion of 50 per cent The x'ery low efficiency^ of this group can not 
be e-xplamed alone by the mcreased proportion of fat combustion The authors 
mvestigated four normal subjects with the same standard test, after they had 
accomplished an exercise of 46,000 to 66,000 m-kilos They had no acetone 
excretion after this exercise The carbohydrate reserves were reduced, so that 
the R Q was only 0 84, mdicatmg a proportion of fat combustion of 53 per cent, 
similar to that m the group of diabetic patients with acidosis Xex ertheless, 
the efficiency of the normal subjects (after severe exercise) was much higher 
(18 1 per cent ± 0 25) On the other hand in normal subjects m hunger acidosis 
(after 36 hours hunger) the efficiency was as low (15 8 per cent ± 0 31) as in 
the group of diabetic patients -with acidosis The R Q m hunger acidosis was 
0 87, mdicatmg a proportion of fat combustion of 44 per cent Thus, the authors 
conclude, the low efficiency m patients -with diabetes and acidosis is due to the 
combusbon of low fat acids, which obxnously can be utilized for muscular work 
only -with considerable loss of energy For further discussion on the disturbe 
phx'Siology m diabetes see Chapter ^ , G 
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G. Patients with Other Diseases 

Efficiency is Elightl 3 - decreased m patients nntli chronic bronchitis and bronchial 
asthma (Campbell and Poulton), but the shght difference between normals and 
patients may be explamed by the mcrease of puhnonarj- ventilation m patients 
Accordmg to Bneger m lung tuberculosis efficiency is decreased only m advanced 
cases with manifest pathological alterations Efficiency is decreased by chrome 
infections, colds maj- reduce efficiency to half the normal value (Kmppmg (loS)) 
Simonson and Gollwitzer-^ileier (250) found a shght decrease of efficiency m 
eight patients recovermg from influenza Accordmg to Toss infections even of 
shght degree such as colds, diminish efficiency There is also a decrease of 
efficiency m beriberi (Hayasaka and Inawashiro) Fmallj' it may be mentioned 
that efficiency- m mild or moderate work with the bicj-cle ergometer was withm 
the normal range durmg pregnancy (Schroeder and Franz) The authors con- 
clude that mild or moderate work is not mjunous m this condition 

m THE SPEED OF OXtOATIVE PROCESSES IX PATHOLOGICAL COXDITIOXS 
(adaptatiox, oxtgex debt, rzcovert) 

The precedmg chapter has been concerned only with the quantity- of oxygen 
consumption Speed of oxidative processes has been considered only- in so far 
as they influence the efficiency of muscular work 

The speed of oxidative processes is another and important mdex m the analysis 
of pathological conditions It depends on (a) the nature of chemical and oxi- 
dative processes m tissues, (b) the speed of oxygen-diffusion from capillaries 
mto muscles (c) transportation of oxygen by- circulatmg blood, (d) capacity- of 
lung ventilation and speed of oxygen diffusion from lung alveoh mto blood 

Speed of oxidative processes durmg and after exercise may be determmed by 
measurmg. (a) the speed of the mcrease of oxygen consumption durmg the 
period of adaptation (the first five mmutes of work) (b) oxygen debt (c) re- 
covery speed 

Oxygen debt is contracted durmg the pienod of adaptation, so that mcrease of 
oxygen consumpnon durmg the adaptation penod is the fundamental process to 
which the final oxygen debt is related 

A Period of Adaptation 

Increase of oxy-gen consumption durmg the pienod of adaptation is the ex- 
pression of a compheated mtegral of metabohe, circulatoiy- and respiraion- 
regulations (Simonson (245)) In the normal mcrease of oxy-gen consumption 
proceeds m a ven- regular loganthmic curve so that it may- be expressed by- a 
simple mathematical formula^ (Hill Simonson (237)) The ty-pe of the curve 

^ The formula is c = vyr,(l — • e , the increasinE oxygen intake c is assumed to 

RK. 

be the result of the coexistence of one process with constant rate K and another p-oeess with 
increasing rate characterized by the speed exponent RK", I means time in minutes tVith 
mcreasmg time, the expression is anproaching the value zero, so that the oxygen 

mtake gradually reaches a constant level (steady- state) charactenzed by the simple pro- 
po-tion K/RK' 
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IS the same m all types of work, although the constants (used m the formula) 
are different Increase of ox^’^gen consumption has heen mvestigated in cardiac 
patients by Meakms and Long, Campbell and Sale, and Campbell (50, 51) 
The findmgs are m complete agreement and show a delayed mcrease of oxj’^gen 
mtake, carbon-dioxide excretion and pulmonarj’’ ventilation The shape of the 
cuives IS entuelj’’ different from the curve m normals The mcrease proceeds 
rather slowty and gradually instead of the normal loganthmic curve This 
was found m moderate as well as m hard exercise (wa lkin g and standing-runniDg 
hleakms and Long, steppmg on and off a block with two different speeds 
Campbell and Sale) 

The deviation of the shape of the cur\’’e proves that the regulation of circulator}' 
and metabohc processes m the adaptation period is unpaired m cardiac diseases 
Christensen, Erogh and Lmdhard, and Simonson (255), Teslenko and Gorkm 
have shown that the capacitj’- for maximum work is mcreased after the penod 
of adaptation is passed It rmght be inferred fiom these results that the delay 
and disturbance of adaptation processes m patients account for the decrease of 
the capacit}' for maximum work and maximum oxj'gen mtake, at least to a 
certam degiee Simonson et al (245) have shown that efficiency durmg the 
penod of adaptation is low Therefore, the low efficiency of muscular work m 
manj' cardiac patients can also be explamed by delaj'ed adaptation The un- 
favorable and uneconoimcal chemical processes, which are replaced m the nor- 
mal subject after a short penod of exercise, are much more persistent m the 
cardiac patients as a result of the prolonged lack of oxj'gen supply to the muscles, 
due to the disturbance of circulator}’- adaptation processes 

Although m cardiac patients the total ox3'gen consumption for a given amount 
of work IS frequently mcreased, it is dela5’ed m tune, so that the actual oxj'gen 
consumption pei min ute m cardiac patients does not reach normal values This 
reaction might be understood as a compensator}- one, it means perhaps less 
stram for the h3'pod}Tiamic heart to perform a greater amount of work at a lesser 
intensit}' distnbuted for a longer penod of tune than to perform a smaller amount 
of work of greater mtensity withm a shorter penod of tune There is some evi- 
dence for this conclusion m e-qienments performed on the isolated heart (GoU- 
witzer-lMeier (91)) 

jMost adaptation processes are mitiated by nen-ous impulses Expenments 
of Peabody and Sturgis give some endence that the mcrease of pulse rate m 
the beguunng of exercise (due to the dismhibition of the vagus tonus) is not 
unpaued m cardiac patients Usually, the pulse nses shortly before the onset 
of exercise, when the subject knows that he is about to start This prehrmnan" 
reaction was the same m normals and cardiac patients We beheve that the 
greater mertia of circulatoi}' processes m cardiac patients durmg the penod of 
adaptation may be explamed by (a) slower speed of circulation (bibhography 
s Altschule), (b) absolute lower value of mmute and stroke volume dunng 
muscular work, (c) greater amount of blood xmlume m cardiac patients (Eppmger 
(70, 74)'), it IS clear that the mertia of the mcrease of the speed of circulation 

: It seems possible that this is a contributing factor to the phenomenon of pulsating 
columns in capillaries 
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must be greater at higher values of absolute blood volume, (d) disturbance of the 
depot-fimcnon, and (c) disturbance of capiDarj- regulation 

All of these circulator!' functions are closely connected tvith one another and 
vriU be discussed m Chapter IT It can be seen that the delav and disturbance 
of adaptation proceses m cardiac patients may be as much related to distur- 
bances of the peripheral circulatoiy processes as to disturbances of the heart 
action itself. 

Campbell and Poulton (4S) found m patients tvith chrome bronchitis and tnth 
emphysema that the mcrease of the CO. output and the lung ventilation tvas 
much slotver m the begmmng of exercise compared to normal subiects There 
are no mvestigations on the penod of adaptation of the gaseous exchange m 
patients vith other diseases 


B Oxygen Debt 

There is general agreement that the oxyge:! debt is considerably mcreased m 
patients tnth heart disease, and that the mcrease parallels the degree of decom- 
pensation symptoms An mcrease of the oxygen debt may be found m patients 
m tvhom the efficiency is still normal (Hamson and Pilcher (110) , Simonson and 
Goll\vitzer-3Ieier (24S)) Increase of the oxygen debt m different tt-pes of 
standard tvork has been observed by Meakms and Long Hams and Lipkm, 
Eppmger ElschandSchvrarz (72,74), EppmgerandHinsberg (71), Herbst (121), 
2!ylm (20h-20S) Katz Soskin et al (151), Campbell (50-51), Zaeper (2S3) 
Petersen Chnstoffersen and Lmdhaid Sutton Bntton and Carr 

Hence, it seems that the measurement of the oxt'gen debt would be an ideal 
method to evaluate the state of cardiac patients The oxj-gen debt is much 
easier to measure then the mcrease of oxygen consumption durmg work, to 
which the accumulation of the oxygen debt must be related There are however, 
several comphcations mvolved m the measurement of the oxjgen debt wmch 
make standardization and use for chmeal purposes rather difficult The oxx'gen 
debt depends on (a) duration (b) speed (c) load (d) type of work Tne absolute 
amount of oxygen debt mcreases with mcreasmg duration but often reaches a 
maximum m the third to fifth mmute of work (Simonson and Hebestreit (240)) 
The relative amount of oxygen debt (percentage of the total excess oxt gen in 
recovery relateu to tne total excess oxx'gen for work plus recoven') diminishes 
with mcreasmg duration However, the decrease of the relative amount of 
oxygen debt with the duration of work is a rather compheated function and cannot 
be expressed by a simple mathemancal formula (Simonson and Hebestreit (240)) 
The absolute as well as the relative oxvgen debt mcreases with the speed and load 
The mcrease of the oxj'gen debt with the speed is more pronounced and more 
regular than the mcrease with the load where it is regular only at load= higher 
than a certam medium load the value of which depends on constitutional factors 
(Simonson and Sirkma (252)) The oxygen debt is different m different tj-pes of 
work even at the same rate and amount of oxygen consumption Hence the ab- 
solute as well as the relative oxvgen debt (in percentage of the total oxt-gen re- 
quirement) are comparable onlv if the duration, speed load and tame of work are 
exactly the same The vanous authors have worked with different standard types 
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of work, With different duration, speed and load Although in their expenmeats 
the difference of the oxygen debt between normals and patients is significant 
for the standard conditions they have chosen, the values for the oxygen debt 
of the different authors are not comparable 
Therefore a detailed anatysis of the material must entail a detailed analysis 
of the experimental piocedure As the general tendency of the findings is uni- 
form, we do not think that a detailed discussion is necessarj’" On the other 
hand, some remarks with respect to general pnnciples may be helpful for the 
evaluation of the present data and for future mvestigations The oxygen debt 
is the cumulative index for the sum of nonoxidized metabohc products, accu- 
mulated durmg the adaptation period of exercise It is possible that the oxj'gen 
debt arises from mechanisms of quite another nature than those demanding the 
oxygen consumption durmg the steady state and that an mcrease of the oxygen 
debt does not mdicate only a delay of the same fundamental oxidative processes, 
but also a difference m the chemical processes (Simonson (246)) The relative 
oxj’gen debt m percentage of the total oxygen requirement expresses its impor- 
tance for efficiency and its dependence on the amount of work done, to which the 
total oxygen consumption is closely related In types of work, where the amount 
of work done depends on the body weight, the total oxygen debt should be cal- 
culated also m per cent of the body weight 
Nyhn (205-208) expresses the mcreased oxj'gen consumption durmg the mitial 
penod of recovery m per cent of the restmg metabohc rate However, an in- 
creased percentage of restmg metabohc rate cannot be called “oxygen debt” nor 
even “relative oxygen debt” smce oxj’-gen debt is only related to exercise and 
not to the resting metabolic rate, furthermore, oxygen debt is an amount and 
not a rate The oxygen consumption decreases rather abruptly m the beginmng 
of recoveiy, therefore, a mean value of the oxygen consumption of the first five 
mmutes of recovery depends not only on the amount of oxygen debt, but also 
on the rate of decrease In most senous cases there is a pronounced delay of 
the decrease, so that the laige oxygen debt is manifested rather m a prolonged 
oxjfgen consumption at moderately mcreased rate than m a high level of oxj^gen 
consumption m the first mmutes after work IJndoubtedl 3 ’-, there is a relation- 
ship between the actual oxygen debt and the percentage of mcrease of metabohc 
late, but there is no reason to mvestigate the mdirect function when it is possible 
to mvestigate, by the same experimental arrangement, the oxj^gen debt di- 
rectly Nevertheless, Njdm was able to demonstrate the practical value of his 
piocedure for many patients He has based his method on comparative values 
of 265 normal persons, but the variations m this normal group are very large 
The values of cardiac patients however exceeded the normal range, parallel 
to the dimmution of the workmg capacit}'^ In some cases of coronal^’- sclerosis 
the patients showed an mcreased “relative oxygen debt,” where the chmcal 
exammation and x-ra 5 ^ exammation gave negative results In some cases of 
auricular fibrillation and of vahmlar disease without or with onl}’- slight cardiac 
enlargement the oxygen debt vas m the normal range Nyhn used three dif- 
ferent speeds of uork for the differentiation of the degree of decompensation 
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Nylin s procedure has been apphed by Sutton, Bntton and Cair on a rather 
large matenal (16 normal subjects, 29 patients) They also observed a wide 
range of normal vanations Although there was a tendency towards mcreased 
lalues m patients with mcreasmg degree of decompensation, the values of 
patients and of normals frequently overlapped and m mam- patients the oxj gen 
debt at the higher speed was the same as, or onlj shghtly more than, that at 
the lower speed 

Increased fatigue cannot be related to the absolute amount of oy\-gen debt m 
normal subjects There is no evidence that it can be m patients But theie 
IS a direct relationship between the speed of accumulation of the oxygen debt and 
fatigue (Simonson and Sirkma (254)) jNIeakms and Long’s results are most 
mterestmg m this respect , thej- mdicate that the accumulation of the ox\ gen 
debt proceeds faster m cardiac patients 

Oxj-gen debt has been found to be mcreased m chronic bronchitis, emphi sema 
(Campbell and Boulton (48)), more advanced lung tuberculosis (Bneger Kmp- 
pmg (154), Nj-hn (208)), pronounced sihcosis (Nylm (208)), one case of oianan 
cj-stoma with considerable reduction of lutal eapacitx- (Nj hn (208)) , one case of 
pernicious anenua with a red blood count somewhat over one rmlhon m a woman 
of 65 years of age combmed with dilatation of the heart (Ni-hn (208)) 

Wang, Strouse and Smith (274), usmg a method similar to Nyhn’s, found the 
mcrease of the metabohe rate 15 minutes after work with the bici cle ergometer 
increased more m obese and underweight subjects than m normals, although the 
differences were rather shght Lauter and Baumann found m one obese patient a 
normal oxygen debt and m another an mcreased one Accordmg to Proger and 
Denmg, and to Nj-hn (208) the oxA-gen debt is increased m obese subjects 
There is also an mcrease of the oxj-gen debt m exophthalmic goiter (see Chapter 
II) In cases of shght diabetes without dunmution of workmg eapacitj-, the 
oxj-gen debt is normal (Hetzel and Long (128)) , while Simonson and Gollwitzer- 
Meier (249) found m cases of moderate diabetes, but controlled with insuhn, 
without symptoms of decompensation of cuculation, an mcrease of the oxv gen 
debt In benben the oxj-gen debt is mcreased (Haj-asaka and Inawashiro) 
It maj- be mentioned that Eppmger and Hinsberg (71) were able to reduce the 
oxygen debt m three patients with shght S 3 -mptoms of decompensation by sj-s- 
tematic massage for two to three weeks, while Hinsberg found an mcrease of 
the oxj-gen debt after apphcation of CO 2 baths Hinsberg found it difficult to 
reconcile this divergenci-, but we do not think that there is a contradiction, 
the massage improxes the capillarity m the muscles, similar to the effect of 
traimng, so that the oxA-gen supph- to the muscles is improi ed This dimimshes 
the oxA-gen debt, as does the influence of trammg, of a oluntaiy hA-pen-entilation 
(Simonson (241)), and of breathmg oxygen-nch air mixtures (Henlett, Barnett 
and Lems) The CO. baths improve the capfflanty in the skm Although 
this decreases temporarily the penpheral resistance, the A-asodilatation of the 
skm A-essels mterferes mth the oxygen supply to the muscles during work and 
demands an mcrease of blood A'olume A penod of rest after CO- baths is 
Well justified by Hmsberg’s results 
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C Speed of Recovery Processes 

Oxygen debt reflects the delay of oxidative processes dunng the adaptation 
penod The pronounced dependence of oxygen debt on the type and conditions 
of irork makes the calculations of the fundamental function, the speed of oxidahve 
processes rather diflficult Hence, it is desirable to measure the speed of oxi- 
dations by a direct method This can be done by measurmg the speed of oxi- 
dative leeovery processes, that is the speed vnth which the oxygen consumption 
dunng the recovery, or the oxygen debt, diminishes According to Hebestreit 
(116) there is a close mathematical relationship between the dimmution of oxygen 
debt and the decrease of oxj^gen consumption It is questionable whether the 
diminution of oxidatix'^e recoimry speed mdicates a delay of oxidatnm processes 
dunng the steady state of oxygen consumption But there is no doubt that 
the speed of oxidative removal of waste products is a fundamental function and 
depends on the mtegnty of the processes a to d (p 365) Oxidative recoverj' 
speed, theiefore, is a very sensitive mdex of various disturbances mvolnng 
any of the processes a to d (p 365) It mcreases with trairung (Sunonson and 
Riesser (238), Liebenow) and diminishes often m fatigue (bibhographj'^ Simon- 
son (244)) Recovery speed may be calculated as (a) absolute tune necessary 
for the oxygen consumption to reach the restmg rate before the exercise, (b) 
percentage of the oxygen debt to the total oxygen debt after a certam time of 
lecovery, (c) percentage of metabolic mcrease after a certam recovery tune, 
(d) speed exponent The last method is the best, because the speed of recoverj'^ 
IS calculated mdependent of the absolute amount of ox 3 ’-gen debt, while the 
results of the other methods will give higher values if the oxygen debt is higher 
(as it is m most pathological comdtions) even if the recovery speed is the same 
Yet, many data mdicate, even if the speed exponent has not been calculated, 
that the delay of recovery is not due only to the mcreased oxygen debt, but also 
to a reduction of oxidative recovery speed For instance, m Meakins and Long s 
experiments the absolute tune of recovery was greater m cardiac patients when 
the absolute oxygen debt equalled that of normals, and the shape of the curves 
m experiments of Campbell and Sale and of Eppinger, Kisch and Schwarz (74), 
Bansi and Grosscurth (14) mdicates the same Direct calculations of the re- 
covery speed are given m Simonson’s and GoUwitzer-Meier’s (248) papers 
Table I summanzes the findmgs of vanous authors m different diseases 

It can be seen that different pathological processes may delay oxidative re- 
coveiy Decrease of the oxygen debt (or oxygen consumption) proceeds xery 
rapidly in the first mmutes of recovery, later more gradually Hdl beheved 
that the rapid recovery m the first mmutes is due to the oxidative removal of 
lactic acid withm the muscle and the slow recovery speed m the later recover} 
penod to the removal of lactic acid from the blood Dill (63) beheved that the 
slow recovery process reflects the oxidative removal of lactic acid and the early 
rapid process the removal of other metabohc products Both views cannot be 
mamtamed (Sunonson (246)) Sunonson (237) has proposed the followmg for- 
mula to calculate the oxidative recovery 
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1 o^gen debt (total) 

t o-^'gen debt after t minutes 

EK IS the exponent cbaractenzing the speed of declining oxt-gen debt, ‘ /” 
IS the tune where the recoveiy penod is subdimded foi the calculation of RK 


TABLE I 


Disrxsr; | 

OTmiTTrE ^ 
ErcO\TET 1 

t 

KUTEOSiS 

Circulatory Insufficiency 

Delayed j 

Eppinger, Kisch and Schwarz (72, 7-4) 

Circulatory Insufficiency 

Delayed 

Herbst (121) 

Circulatory Insufficiency i Delayed { 

Aleakins and Long 

Circulatory Insufficiency 

Delayed 

Campbell and Sale (49) 

Circulatory Insufficiency 

Delaved 

Hams and Lipkm 

Circulatory Insufficiency 

Delayed 

Eati and Soslan (151) 

Circulatory Insufficiencv 

Delayed 

B‘>nsi and Grosscurth (14, 15) 

Circulatory Insufficiency 

Delayed 

Simonson and Gollwitzer-^Ieier (24S) 

Xerrous Carcuac Disturbances 

Xormal 

Herbst (121) 

Artenal Hypertension 

Xormal 1 

Gollwitzer-Meier and Simonson (93) 

Emphysema j 

Delayed | 

Herbst (120) 

Emphysema 

Delaj ed ' 

GoUwitrer-Meier and Simonson 

Emphysema and Chrome 
Bronchitis 

i ' 

; Delayed 

Campbell and Poulton (4S) 

Bronchitis and Bronchial 
Asthma 

1 I 

Moderately 

Herbst (120) 

Lung Tuberculosis (more ad- 
vanced) 

delayed 

Delay^ 

Bneger 

Lung Tuberculosis (more ad- ’ 
vanced) 

Delayed 

Kmpping and Moneneff (160) 

Obesity 

Delayed 

IVang, Strouse and Srmth (274) 

( 

Xormal in 1 

Lauter and Baumann 

\ 

Obesity ■! 

patient 
Delayed m 1 

Lauter and Baumann 

1 

Exophthalmic Goiter 

patient 

Xormal 

Herxheimer and Kost 

Exophthalmic Goiter 

Delayed 

GoUwitzer-AIeier and Simonson (04) 

Exophthalmic Goiter 

Delayed 

Bansi (12) 

iEld Diabetes 

Xormal 

Hetzel and Long 

Aloderate Diabetes 

Delaved 

Simonson and Gollwitzer-Meier (249) 

Convalescence after Inauenza 

Delaved 

Sunonson and Gollwitzer-Meier (250) 

General Exhaustion 

Delaved 

Simonson and Gollwitzer-ileier 

Benben 

Delaved 

Hayasaka and Inawashiro 

Pregnancy 

Sbgbtly de- i 

Schroeder and Franz 

Chronic Sulfur Poisoninc 

laved 1 

Delayed ! 

Simonson and Eichter (251) 


The mterference of the rapid and slow recoverj- process produces a deviation 
from the exponential function Hebestreit (116) has shown that the deiiation 
has a U-pical S-shape, if the dunmution of the oxx'gen debt is plotted with the 
oxygen debt as logantlimic ordmata and the tune m mmutes as abscissa This 
S-shape was found m ant tj-pe of work (see Fig 1) At a certain point the S- 
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C. Speed of Ticermry P tocat'c^-. 

0/ygCTi ih-))i the dtlsiy of oyidnimi proco"-',*; during the ndn-t/inthiii 

pt^^od The pronounced dependence of oyygen debt on the typ'> nnd < ondil'mi 
of v/orP jrwJn ^tbe r;jilculafio/i of thefundnrneniid functiorifthi <p<ed of o/iduiHt 
proce "c? riifhei d'dheidf, fluicc, it i-, deSinthle to ineticuu the ‘•peed ol oro 
diiiioio, hy n direct method, Thh can he done hy jnen'>iirhig the ‘■peid of o/i 
dotivi recovery pro(;c=3=^o->, thfO h the' ^peed v/ith v/h'wh tfie oryg/m con iirnfihon 
during tfie recovery, or tfie oyygm debt, dn/nrnJn , According to fhfp'trdt 
(ItOjt hens 1 n ( lo?^ 7n?(tfioront(cf)I loloti^jo dnp hi tv/een the dhrnnut'ion of or ygi n 
debt end the deeren'C of oyygen connurtplton, ft L qw d'lonnhff v/hetfer ih' 
diininutioij of oyidiitive ref'every -powl tndknU': ti dolfiy of oy'idnfh/e pro""'- 
rloi/rjg the eUndy etnte of Oyygjn coinumphon But there i, no doiiU fhc’ 
t)if epeed of oyidfilivc lunovfil of v/n,U^ products i'-, n fundiinienfnf function lui'l 
dipind, on the inUgiity of Ore pioce-'c, o to d (p, (Sfj/j), Oyidntive rciovuy 
^p<ed, therefore, i, a very ^enntive indin of vnriou-, di tudjnnce, innA/mg 
any of tfie proecTC o Uj d (p ffOoj It inenn-c-, v/ith trnining 0umi-oti ewf 
Piit-'Cr (2'6g), fJehenov/) nnd dhmnhhec ofUsn in fntigue (hihfiogrnpfiy; Sitrioin 
con (244)), fi/jcovery epeed may he cideuinted net (o) nhcofute time tn c< iuy 
foi the o/ygen coiournptioji to iinch the it ,ting into fnfon tfie ereici (t) 
puctnfage of tfn oyygen debt to the tofsd oyygen debt nfp.r n, ceitnin Him of 
Jttovory, (o) pcreuitfigo of metnfrohe ineience after ft 6c;(f»f;i ncovery tlff/'J 
id) "pted f xponent 'Ifie fa t i/iof/iod j- the beet, beenu-e tfie i pad of jecoviry 
P cftlculfttcd indopwidciit of tlio ftO of(if<, iiTnount of o/ygen defA, v/fiife tiic 
it'sulf'; of tfn otfif r nn tfiod-v v/ill give fiigfiet value, if the oyygen debt j- f/igff''/' 
(os it n in most pfdhologicfd conidfions) C'Ven if the recovery <pied n the <i>’n(e 
Yet, many dato indicate, even if tfie epeed eyponint fia not freen calcufak'l, 
tfnd the delay of recovery is not due only to the ineicoscd o/ygen defrt, butab'i 
to a reduction of o/idafive n covery‘peed Inn mdance, ni fvJeafdn i and f/mg, " 
(.sptrimcnts tlic ftbsolntc limo of ncovery v/it', grealnr in cardiac potionf . vhmi 
tfie alj-olnto oi'ygcn debt ctjtndfcd that of notmalc, and tfie efiajic of th<‘ curvf 
in f yperimente of Campbtll and Sale and of fCppingn, Ki'-ch and Sehv/ai'/' (74), 
Ban-} and Oro-scuifh (14) ludicatec tin ^ame Direct calculation i of tfe ra 
covny speed are given in Bnnonson's and Gollv/it'//,r-Meiedc (24H) paper e 
Table f hummati/,e- the finding-' of varunic author , ni dilferent di rae. 

It can b( neen that diffeient patbolog/eid prooe-j^'es may dilay o/idative ie- 
eoveiy Dteieo.e of the oyygen debt (oi o/ygen consumption; proceed V( ry 
rapidly in the In A mintiks of recovery, laUi more gradually, JfiH bfli'V*'* 
tbfd fbc rapid ncovery in tfn firs! minidei ii due to the o/idative removal o 
lacfK acid v/ifbin the mii-cle and the i lov/ recover y epeed in the laftrrnovfry 
period Ur the n moval of lot tie acid from the blood, Dili (d’d) believed that tie 
flov/ leeovc’iy pioei nllfct^ the o/idaftve removal of lactic to id and the eary 
rapid proa-, the removal of other metabolic piodlick. Both vhvoi (unriot he 
maintaintd (Himotron (2411)) Simotnon (237) ha" piopo ‘d Ih" following for- 
mula to eakulafc the o/idative neo/try' 
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^ oxj'gen debt (total) 

t oxj'gen debt after t nnimtes 

RIv IS the exponent characterizing the speed of declining oxxgen debt, “i” 
IS the tune wheie the recoverx' period is subdivided for the calculation of RK 


TABLE I 


DISEASE 

OTm^nvE 

EECO^’EK\ 

AXTIHOSS 

Circulatorj Insufficiencj* 

Delayed 

Eppinger, Kisch and Schwarz (72, 74) 

Circulatory Insufnciency 

Delaved 

Herbst (121) 

Circulatory Insufficiency 

Delayed 

Meakins and Long 

Circulatory Insufficiency 

Delaved 

Campbell and Sale (49) 

Circulatory Insufficiency 

Delayed 

Hams and Lipkin 

Circulatory Insufficiency 

Delaj ed 

1 Katz and Soslan (151) 

Circulatory Insufficiency 

Delaved 

B^nsi and Grosscurth (14, 15) 

Circulatory Insufficiency 

Delayed 

Simonson and GoUwitzer-Meier (24S) 

Xervoiis Cardiac Disturbances 

Xormal 

Herbst (121) 

Arterial Hypertension 

Normal 

Gollwitzer-Meier and Simonson (93) 

Emphysema i 

Delaved | 

Herbst (120) 

Emphysema 

Dela\ ed 1 

GoUwitzer-Meier and Sunonson 

Emphysema and Chronic 
Bronchitas 

^ Delaved 

Campbell and Poulton (4S) 

Bronchitis and Bronchial 
Asthma 

! 

1 Moderately 

Herbst (120) 

Lung Tuberculosis (more ad- 
vanced) 

j delaved 
i Delayed 

Bneger 

Lung Tubercnlosis (more ad- 
vanced) 

! Delayed 

Kmpping andMoneneS (160) 

Obesitv 

Delayed 

VTang Strouse and Smith (274) 

( 

Normal m 1 

Lauter and Baumann 

1 

Obesity 

patient 
Delayed in 1 

Lauter and Baumann 

i 

Esophthalmic Goiter 

patient 
! Normal 

Herxneimer and Kost 

Exophthalmic Goiter 

{ Delaved 

Gollwitzer-Meier and Simonson (94) 

Exophthalmic Goiter 

1 Delaved 

Bartsi (12) 

Diabetes 

1 Normal 

Hetzel and Long 

Moderate Diabetes 

1 Delaved 

Simonson and GoIIwitzer-Meier (249) 

Convalescence after InSnenza 

j Delaved 

Simonson and GoIl-vitzer-Me,er (2.3n) 

General Exhaustion 

' Delaved 

Simonson and Gollwitrer-Meier 

Benbexi 

Delaved 

Hsvasaka and Inawashiro 

Pregnancy 

Sligntly oe- 

Schroeuer and Franz 

Chronic Sa’inr Poisoning 

Isyed 

Deinved ' 

' 1 

Simonson and Richter (251) 


The inter! ereTiic of the rapid and slov recovery process produces a deviation 
from the e.-poncnti?! function Hebestreir (116) has shown that the deviation 
ha= a typ'cet] n t^c diminution of the o^-gen debt is plotted tvh tne 

dc V a- log/ n^hrnic ordir ata, and the tune in minutes as abscissa Tin; 
S-sh-tc fo .Ad JA fT>y type of work (see Fig I' At a certain pomt the S- 
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C Speed of Recovery Processes 

Oxj'gen debt reflects the delaj'^ of oxidative piocesses during the adaptation 
penod The pronounced dependence of oxj’^gen debt on the t 3 ’^pe and conditions 
of -work makes the calculations of the fundamental function, the speed of oxidative 
processes rather difficult Hence, it is desirable to measure the speed of oxi- 
dations by a direct method This can be done by measunng the speed of oxi- 
dative recoverj'- processes, that is the speed xvith which the oxj'^gen consumption 
durmg the recovery, or the ox^^gen debt, diminishes According to Hebestreit 
(116) there is a close mathematical relationship between the di min ution of oxj gen 
debt and the decrease of ox^'gen consumption It is questionable whether the 
diminution of oxidative recox'eiy speed indicates a dela 3 ’’ of oxidative processes 
durmg the steady state of ox 3 'gen consumption But there is no doubt that 
the speed of oxidative removal of waste products is a fundamental function and 
depends on the mtegnt 3 ^ of the processes a to d (p 365) Oxidative recover 3 ' 
speed, therefore, is a vei^-^ sensitme mde\ of xmnous disturbances mvolnng 
an 3 ’ of the processes a to d (p 365) It mcreases with trauung (Sunonson and 
Rie'ser (238), Liebenow) and diminishes often m fatigue (bibhograph 3 '^ Simon- 
son (244)) Recovei^’’ speed may be calculated as (a) absolute tune necessao 
for the oxygen consumption to reach the restmg rate before the exercise, (&) 
percentage of the ox 3 ’-gen debt to the total oxygen debt after a certam tune of 
lecovery, (c) percentage of metabolic mcrease after a certam recovey tune, 
(d) speed exponent The last method is the best, because the speed of recox ei3 
IS calculated mdependent of the absolute amount of ox 3 'gen debt, while the 
results of the other methods will give higher xmlues if the oxygen debt is higher 
(as it IS m most pathological comdtions) even if the recovery speed is the same 
Yet, many data mdicate, ex^en if the speed exponent has not been calculated, 
that the dela 3 '’ of recovery is not due onl 3 ’^ to the mcreased oxygen debt, but also 
to a reduction of oxidatixm recoxmry speed For instance, m Meakins and Long s 
experiments the absolute tune of recoxmry was greater m cardiac patients when 
the absolute oxygen debt equalled that of normals, and the shape of the curx es 
m experiments of Campbell and Sale and of Eppmger, Kisch and Schxxarz (74), 
Bansi and Grosscurth (14) mdicates the same Direct calculations of the re- 
cover 3 ’' speed are given m Simonson’s and GoUxvitzer-iMeier’s (248) papers 
Table I summarizes the findmgs of vanous authors m different diseases 

It can be seen that different pathological processes may delay oxidatixm re- 
cox ery Decrease of the oygen debt (or oxygen consumption) proceeds vei3 
rapidl 3 ^ m the first mmutes of recovey, later more gradually HiU beheved 
that the rapid recovey m the first mmutes is due to the oxidative removal of 
lactic acid xxnthm the muscle and the slow recoxmr 3 ’- speed m the later recover}" 
penod to the remoxml of lactic acid from the blood Dffl (63) beheved that the 
slow recox ey process reflects the oxidative remoxml of lactic acid and the earl} 
rapid process the remox al of other metabohc products Both views cannot be 
mamtamed (Sunonson (246)) Sunonson (237) has proposed the folloxving for- 
mula to calculate the oxidatix e recoxmy 
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_ 1 oxj'gen debt (total) 

t oxygen debt after t mmutes 

RK IS the exponent charactenzmg the speed of declining oxj gen debt, ‘ i ’ 
IS tlie time nbere the reco^en' penod is subdmded foi the calculation of RK 


TABLE I 


sissAgr. 

O-ODATnX 

EECOVXKV 

1 

j \IXEO'^ 

( 

Circulatory InsuSciency 

Delated 

I Eppinger, Kisch and Schwarz (72, 74) 

Circulatory Insufficiency 

Delaved ! 

1 Herbst (121) 

Circulatory Insufficiency 1 Delaa ed ] 

Meakins and Long 

Circulatory Insufficiencj ' 

Delat ed 1 

Campbell and Sale (49) 

Circulatory Insufficienci' * 

Delated 

Harns and Linkm 

Circulator}- Insufficiencv 

Delaved 

Katz and SosLm (151) 

Circulatory Insufficiencv 

Delaved 

Bansi and Grosscurtb (14, 15) 

Circulator}- Insufficiency 

Delaved 

Simonson and Gollwitzer-Meier (24S) 

Xervous Cardiac Disturbances 

Xormal 

Herbst (121) 

Arterial Hypertension 

Itormal 

Gollwitzer-Meier and Simonson (93) 

Emphysema 

Delaved 

Herbst (120) 

Emphysema 

Emphysema and Chrome 

1 Delated 

( ^ 

GolIwitzer-iMeier and Simonson 

Bronchitis 

Bronchitis and Bronchial 

j Delayed 

Campbell and Poulton (48) 

Asthma 

Moderatelv 

Herbst (120) 

Lung Tuberculosis (more ad- 

delayed 


vanced) 

Lung Tuberculosis (more ad- 

Delat ed 

Bneger 

vanced) 

Delated 

Khipping and Moneneff (160) 

Obesity 

Delayed 

Wang, Strouse and Smith (274) 

( 

Kormal m 1 

Lauter and Baumann 

Obesity | 

patient 


Delayed in 1 

Lauter and Baumann 

r. ^ 

patient ! 


Esopbthalmic Goiter 

Xormal 

Hervbeimer and Kost 

Exophthalmic Goiter 

Delayed 

Gollwitzer-Meier and Simonson (Ol) 

Exophthalmic Goiter 

Delaved 

Bansi (12) 

^bld Diabetes 

Xormal 

Hetzel and Long 

iloderate Diabetes 

Delated 

Simonson and Gollwitzer-Meier (249) 

Convalescence after Influenza 

Delaved 

Simonson and Gollwitzer-Meier (250) 

General Exhaustion 

Delaved 

Simonson and Gollwitzer-Meier 

Benben 

1 Delayed 

Hayasaka and Inawashiro 

Pregnancy 

Sbghtly de- 
laved 

Schroeder and Franz 

Chronic Sulfur Poisomng 

Delayed 

Simonson and Richter (251) 


The interference of the rapid and slow recoverj* process produces a deiiation 
from the exponential function Hebestreit (116) has shown that the dei lation 
has a tj-pical S-shape, if the dinunution of the oxj-gen debt is plotted with the 
o’Q gen debt as loganthnnc ordinata, and the tune in mmutes as abscissa This 
S-shape was found m anj* 1 x 3)6 of work (see Fig 1) At a certam pomt the S- 
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shaped curve crosses the mean exponential function, which appears as straight 
line when usmg logarithmic ordmata If the RK is calculated at this point it 
would mdicate the average exponential speed of the whole oxidative recover} 
At an oxygen debt of about 1,500 to 2,000 cc the pomt wheie the S-shape crosses 
the straight Ime is at about the third recovery mmute If, therefore, the re- 
covei3’ penod after a moderate work is subdmded at three mmutes, the RK at 
this point (RK III) will be close to the average recovery speed In a normal 
subject, the typical S-shape maj’- be expressed by calculatmg the RK after 1 
(RK I), 2 (RK II), and 3 (RK III) mmutes of recovery, m this case there is 
RK I > RK II > RK III Simonson and GoUwitzer-Meier (248) found 
that there is an alteration of the shape of the oxidative recovery curve in patients 



Minutes 


Fig 1 Decbeasb of Oxygen Debt, Cabbondioxide Excretion and Lung 
Ventilation during the Recovery 

Logarithmic ordmata Decrease of lung ventilation and carbondioxide excretion appears 
to be an almost pure loganthmical (straight- ned) function throughout the greatest part 
of the recovery The decrease of the oxygendebt shows a charactenstic S-shape It is 
cut at three mmutes by the straight-lined exponential function around which the S-shaped 
dexiation occurs (reproduced from Hebestreit (116)) 

With circulator}’- insufficienc}’ and m patients with emphj^sema, the normal tjTi- 
ical S-shape is lost (besides the decrease of recover}’- speed) and the decline of 
the oxj’gen debt is almost straightimed (m loganthmical paper), i e , the decrease 
of the oxj’-gen debt is a pure e\-ponential curv-e m these cases, consequently 
RK I = RK II = RK III This result shows that the first quick recovery 
piocess depends on the tiansportation of oxygen from the lungs mto the tissues 
and this has been confirmed bj’- Kramer, Obal and Quensel Therefore, the 
first phase of recover}’ is most delayed m disturbances of the circulatoyre- 

spiratory s}’stem , 

There is reason to assume that the first phase of reco\ er}’- is the most critica 
penod for the eirculator}' system the oxygen demand is almost as high as dunng 
V ork, but the mmute volume of the heart diminishes rapidly, because the i enous 
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inflow decresses after the cessation of movements The heart has to use its 
otm reserve power under the influence of impulses from the central nervous 
system (Gollwitzer-lMeier (S9, 90)) to mamtam a sufiiciently lai^ blood cir- 
culation® The capillaries m the muscles are stdl enlarged m number and 
diameter and this mcreases the circulatory demand It mav be supposed th it 
the heart of cardiac patients (even of many chmcallv compensated! and of 
patients with emphysema (where the nght heart is often overtaved) is often 
not able to compensate for this critical condition This unfavorable condition 
of circulation is reflected also m the deterioration of oxt'gen iitihzation durmg 
this penod (Chapter Y) It may be mentioned that breakdown occurs more 
frequently shortly after exercise than durmg exercise That m patients with 
heart diseases the delay of recovery is most pronounced during the first nunutes 
of the recoveia* penod has been observed also by Campbell and Sale, and by 
Eppmger Esch and Schwarz (the speed exponent, however, was not calculated 
by these authors) 

In exophthalmic goiter, diabetes and convalescence from influenza there was a 
general decrease of the oxidative i-ecoverj- speed, but the tj-pical normal S-shape 
was mamtamed In these diseases RK I > RK II > RK III, i e , the recovery* 
was delaved umformly durmg the whole penod or eien more pronounced m 
the later penods This has been confirmed for exophthahmc goiter bv Bansi 
(12) he observed a rather rapid decrease of the oxygen consumption during the 
first nunutes of recover^', but the further decrease was verj' much delayed It 
appears to be possible to use the alteration of the shape of the oxidative recoi erj' 
cun*e to discnmmate between circulaton’ and metabohc disturbances oi to 
recogmze additional circulaton* decompensation m exophthalmic goitei and 
diabetes The dunmution of oxidative recoverj* speed in exophthalmic goiter 
must be related rather to a disturbance of chenucal processes or of ox\ gen dif- 
fusion from the capdlanes mto the muscle tissue In diabetes Simonson and 
Gollmtzer-hleier (249) found a veiy lugh correlation-coefficient of p = 0 SS 
(calculated according to Spearman’s formula) between the decrease of the oxi- 
dation recoven* speed and the decrease of the excess R Q of miisciilai work 
The decrease of the excess-R Q duimg work parallels the graiatj* of the diabetes 
(Richardson and Leime) This shows that the decrease of the oxidatne re- 
coi eiw speed in diabetes is closelv related to the disturbance of the carboln - 
drate metabolism It maj be mentioned that the RK is generally more decreased 
in patients with heart disease than it is m patients with diabetes 

The decrease of oxidatn-e rccoaen* speed m chrome sulfur poisonmg (251) 
must be i elated to the inhibition of the oxidative processes m the tissues, pro- 
duced ba the action of sulfurhj drogen on the oxidative ferment In connection 
nath this iMeicguiski’s findings are interesting He found that the time neces- 
sarj to dccoloiize mcthjlene blue, which is an oxido-reduction process, was in- 
creased in noimal pigeons from 15 6 minutes for the normal and 23 0 minutes 

’ t\ hether tl\c decrease of a enous inflow and the central stimulation of the heart are 
mutuallj compensatorj is hard to decide because of the lack of experimental data This 
question, perhaps, could be approached bj expenments with heart denervation 



374 


ERIsST SmOKSON AND NORBERT ENZER 


foi the fatigued muscle to 35 9 and 51 2 minutes respectively m C-antaniinosis 
Theiefore, a decrease of the recovery speed appears to be possible also m man in 
C-antammosis, due to the dunmution of the speed of oxidations m the tissues 
It is possible that the delaj’' of the lecoverj’’ speed in or after infectious dise<‘ises 
might be partially caused b3'' the Vitamm C loss fiequently obseived in these 
conditions 

hlanj’^ authors (Specks Bansi (12), Maish, Golhvitzei-jMeiei and Simonson (92), 
Marks, Jahn) have frequentl}’’ obsenmd that in noiunal subjects the 0x3 gen con- 
sumption drops below the restmg value duimg the iecover3'^ peiiod, although the 
restmg metabohc late was caiefuUy measuied This negatnm phase is obsen ed 
m heait patients even moie frequently It is possible that tlus phenomenon is 
a S3'mptom of precoUapse, due to the unfavorable conditions for the blood cii- 
culation duimg the iecover3" as discussed aboi^e The experiments of Eppmger 
(69) give some evidence for this mew, in the hist phase of expeimiental pepton 
and histamin shock m dogs the mmute volume of heait and the ox3"gen consump- 
tion diop far below the restmg rate Heibst (122) also holds this men, he 
measuied simultaneous^ the mmute Amlume of the heart and the oxygen con- 
sumption dunng the recovery penod and found that m man3’- cases a negati\ e phase 
of the mi nute \olume preceded a negative phase of the 0x3 gen consumption 
It IS also possible that the drop is due to the action of some metabolic pioducts 
(Gollwitzer-j\Ieier and Simonson (92)) 

Dunng recoveiy all processes which mci eased dunng exercise drop until they 
leach the restmg leA'^el Theie is no question that the oxidatme recoA’'eiy speed 
IS the most fundamental of these piocesses, because metabohc, respirator^’- and 
circulatory functions aie related to oxygen consumption Therefore, all other 
recovei^^’ processes are dela3’-ed too, if the oxidative recoimiy speed is decreased 
This does not exclude the obseir^ation that the recovery of rmntilation and of 
carbon dioxide excretion may be moie delayed than oxidatme recover' speed m 
heart patients (Peabody et al (215), Hamson and Pilcher (110), Campbell and 
Sale, M Campbell (51)) Lung ventilation mcreases more m cardiac patients 
than does ox3’^gen consumption, the reasons for this will be discussed later 
(Chapter V) The pronounced dela3’- of carbon dioxide excretion ma3’- be due 
partially to the disturbance of carbon dioxide storage Lung I’-entilation de- 
creases m a rather pure exponential curve, so that it appears as a straight line 
when a loganthmical ordmata is used Also the carbon dioxide excretion appears 
as a rather straight hne -with a ver3’^ shght S-shape Hebestreit (116) found m 
29 normal subjects that after the end of exercise the lung ventilation reaches the 
restmg rate first, then the oxygen consumption, and the carbon dioxide excretion 
last This relationship was rather constant m normal subjects In patients, 
however, this relationship was disturbed, the recovers^ speed of lung ventilation, 
of carbon dioxide excretion, and of oxygen consumption ma5’- be influenced 
differently (Smionson and GoUwitzer-Meier (250)) In normal subjects, t c 
pulse rate reaches the restmg I’^alue much earher than does the lung A’^entuation 
or ox3'gen consumption In patients with heart disease the recover' 
rate may be more dela3 ed than that of the oxygen consumption hleasunng 
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the speed of oxidative processes yields objectix’e data m regard to the patient’s 
state, especially m cases with circulatory msufficiencx' In many cases a deterio- 
ration of the oxidative recoi’en* speed is the onlj' objectix*e datum to substantiate 
the patient's condition, e g , m convalescence after influenza, when the tem- 
perature has become normal and no chmcal signs or sjTnptoms of the disease 
are manifest, the patient may still feel weak and unable to work 

rv THE ALTERATIOX OF dRCEIATORT FUXCTIOX5 DURIXG AXD AFTER EXERCISE 
IX PATHOLOGICAL COXTHTIOXS 

A The Volume of the Heart 

Heart volume is the sum of stroke volume and residual volume While 
methods hax’e been developed to measure stroke volume, there is no method 
available for residual volume Calculation of heart volume by x-ray mcludes 
the additional factor of x’olume of heart muscle In mvestigatmg, however, the 
same subject at rest and dunng or unmediatelj’^ after exercise, variations of 
muscle volume play a min or role compared to the enormous mcrease of the stroke 
volume According to Eppmger (70), the capacity of the normal left ventricle 
ranges between 150 and 210 cc Some formulas have been proposed to calculate 
the size of the heart from x-ray films Accordmg to Liljestrand, Lysholm and 
Nyhn the most accurate formula for the calculation of heart volume is that 
proposed b3- Rohrer (1916-1917) and, mdependently, by Kahlstorf (143, 144) 
(1932) T = 0 63 Fa 1 max , where T’ is the volume of the heart, Fa the area 
of sagittal orthodiagraph!', and 1 max the maximal depth of the transx-erse 
orthodiagram Liljestrand, Lysholm and Xx'hn, usmg this formula with tel- 
eroentgenograms found that the mean error vaned between 4 and 31 cc m 12 
normal subjects durmg rest, but the differences durmg exercise were much 
greater While the error max* be considered small with respect to the absolute 
volume of the heart, it is rather large when related to the stroke volume Cal- 
culation of heart volume bj* x-ray cannot detect deviations of a few cubic centi- 
meters, but it should reflect the huge mcrease of the stroke volume, durmg and 
immediatelx' after heavx- muscular work, which is about three times the restmg 
value (Bambndge) It is astomshmg that this is not the case, and, undoubted!!', 
the discrepanc!' between the direct determmation of stroke volume and the x-raj' 
mvestigations is one of the most mterestmg problems m cardiac phj'siology and 
patholog!' There is complete agreement among numerous authors that the 
size of the heart as determmed by x-rax' diminishes immediately after the exer- 
cise CMontz, Hoffman, H L Smith, Eenboeck et al , Sehg and Beck, Dietlen 
and Montz d’Agostmi, Raab, Jundall and Sjogren, Xicolai and Zuntz, Wil- 
hamson, Bruns and Roemer Gordon, Ackermann, ilcCrea, Eyster and ^Meek) 
Reduction of heart size was found m three seconds (Xicolai and Zuntz) and 20 
seconds after the work (McCrea, Eyster and Meek), at a tune when the stroke 
volume must have been almost as high as durmg the exercise Most of the 
exercises mvestigated were veix' heaxw, such as exhaustmg cyclmg for 31 hours 
(Dietlen and !Montz) and marathon nmnmg (Gordon) Kaplunowa found re- 
duction of the heart shadow after heavy industrial work 
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In the hterature referred to, frontal projection was used foi the calculation of 
heart volume The findings of authors usmg frontal as well as sagittal ortho- 
diagrams were identical (Zdanski, Paterson and Paterson, Eppmger, Eisch and 
Schwarz (74), Gottheimer and Kost, Herxheimer (125), Kahlstorf (143), Kahl- 
^orf and Ude, laljestrand, Lyshohn and Nj^hn) EspeciaUj'’ mterestmg are the 
mvestigations of Kahlstorf and Ude, and of Liljestrand, Lj’shohn and N 3 'hn 
because they simultaneously measured stroke I'olume, heart volume (calcu- 
lated from the x-ray fihn) was decreased when stroke volume was stfil high 

There is no doubt that the normal reaction of heart volume immediatelj 
after exercise is a decrease, and not an mcrease as one should expect from direct 
detennmations of stroke volume Decrease of heart volume after hard exercise 
maj’ be observed for a considerable time Decrease of the heart shadow after 
exercise has been reproduced m dogs by Stewart (263) and bj' Fahr, Wangensteen 
and Sperhng, pencardiotomized dogs also reacted with dimmution of heart 
volume 

In normal subjects dilatation of the heart after exercise has been obsened 
m onlj’' a few exceptional cases lapschitz observed a somewhat greater pro- 
portion, but two-thirds of his subjects showed reduction of heart size Wil- 
hamson found m 38 normal subjects onlj'^ three who reacted with a shght dilatation 
of 1 mm , of a group of 57 patients with fiiUj’^ compensated heart lesions 25 
reacted with dilatation (of 3 mm ), and about the same proportion (4 cases) 
was obtamed m a group of 10 cardiac patients with shght sjmptoms of decom- 
pensation (dj'spnea on exertion) Williams on concludes that his results show 
“the extreme reluctance of the heart to dilate, even if there is some degree of 
m 5 'ocardial insufficiencj^,” so that dilatation may be regarded as indicative of 
senous impairment of the heart muscle Accordmg to Kaplunowa, the heart 
shadow diminis hed after heai" 3 * mdustnal work m workers with hearts fully 
compensated but shghtlj^ mcreased m size Jloderate dilatation alwaj^s occurred 
m patients not fulli’- compensated Similar results were obtamed b 5 ’^ Kahlstorf 
(144, 145), after exercise with the bicj'cle ergometer heart size diminished m 
normal subjects and m patients with fully compensated valvular lesions, while 
aU patients on the borderhne of decompensation showed an mcrease in heart 
volume 

In connection with this it might be mentioned that Van Liene obsen-ed acute 
dilatation m dogs, cats, rats, and gumea pigs immediatelj^ after exposure to 
low barometnc pressure, parallelmg the degree of anoxemia Whether it may 
be inferred that the dilatation after exercise is due to msuflScient oxj’gen supply 
to the heart muscle is open to question 

Because of techmcal drfiScuIties, only a few obsenmtions have been made on 
heart size durmg hard muscular work Eppmger, Kisch and Schwarz, Got- 
theuner and Kost, and Kj'hn (205) found no demonstrable change in the size of 
the heart Bruns and Roemer observed an mcreased heart volume m 15 per cent 
of their cases, a decrease m 25 per cent, and no pronounced vanation m CO per 
cent ?vIcCrea, Ej^ster and jMeek found an mcrease of heart volume A most 
careful study by Liljestrand, Lj'sholm and Aylm, who used simultaneous photog- 
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raplij' m the frontal and sagittal direction, disclosed an increased heart volume, 
parallel to the mcrease of stroke volume as measured by GroUman’s method 
After effort the foUotnng paradox obtains (a) m normal subjects there is a 
decrease of the heart size, vhen the stroke volume is stiU considerably mcreased, 
(6) m patients -with heart disease there is an mcrease of heart size, although 
stroke volume is smaller than m normal subjects It has been concluded that 
m normal subjects the mcreased stroke volume is produced by a more complete 
emptymg of the heart (Kahlstorf and Uhde) Liljestrand, Lyshohn and Xtlm 
concluded that there must be some extra factor that causes the heart to empti 
itself more completely than before the vrork "The fact that this decreased 
heart volume maj' be observed for many nunutes and even for hours after the 
cessation of vork speaks strongly m favor of some hormonal effect ” They beheve 
that the known mcreased adrenahn output is responsible, adrenahn enables the 
heart to develop the same amount of energj' as before with a smaller diastohc 
volume than it can without adrenahn In fat or of an additional hormonal 
factor durmg and after exercise there is also the fact that the change of the 
heart volume is much more pronounced m passmg from the recumbent position 
Csyhn (205) , average value of 11 subjects 843 cc ) to the standmg position (av- 
erage value 574 cc ) and here no hormonal factor is mvolved The relationship 
between heart size and stroke volume remains the same (about 12 5) m recum- 
bent and standmg position, while it drops to 7 65 after heavj- work 
The different reaction m patients with heart disease could be explamed 

(a) by the disturbance of the additional hormonal factor, i e , adrenahn output, 

(b) by the disturbance of the contraction mechanism There is endence that 
the adrenahn output is normal m cardiac patients durmg exercise The dis- 
turbance of the contraction mechanism, therefore, is the remaining explanation 
This functional disturbance is m many cases revealed by exercise only Should 
this be regarded as decompensation or compensation mechanism^ Accordmg 
to the matenal reviewed, mcrease of heart size after exercise seems to mdicate 
the loss of contraction power or of elasticity, for it occurs onlj* m cardiac pa- 
tients, but on the other hand, accordmg to animal experiments, the dilatation 
might enable the heart to mcrease its performance The h 3 'podynamic heart 
mcrease its performance with mcreasmg volume up to a certam maximum value 
(bibhographj- see GoUwitzer-^Meier (91)) After heai-y work this mechanism is 
obvioush' not used m normal subjects, but possibb* m cardiac patients The 
experimental results m humans suggest that dilatation after work might be re- 
garded as a sign of mjocardial damage The influence foUowmg exercise on 
the volume of the heart seems to be a ^ aluable though not quantitative method 
for detectmg damage to heart muscle, while a dimin ution of the stroke volume 
might be due also to penpheral factors 

B Dcicrminalion of Strole Volume 

In hard muscular work the mmute lolume of the heart maj* reach the enor- 
mous value of 40 hters with a stroke volume of 200 cc It seems impossible 
that this high value can be produced alone bj- more complete emptimg There- 
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fore, some mcrease of the diastohc volume must occur, at least durmg work 
It IS probable that the value of 200 cc is too high Olmes de Carrasco beliei es 
that the maximum mmute volume does not exceed 30 hters, and that the dif- 
ference m the oxygen transportation is balanced by mcrease of the arteno-venous 
ox 5 ’’gen difference (utdization) It is known that the arteno-venous difference 
exceeds 140 cc per hter blood only m exceptional cases, and values higher than 
150 cc have not been obsen'^ed Thus, we come to the conclusion that a con- 
stant error might be mvolved m the usual detennmation of the stroke volume 
The methods are direct or mdirect apphcations of the prmciple advanced hi’ 
Tick (1870), accordmg to which the blood flow can be calculated from the oxj'gen 
mtake or carbon dioxide output per mmute and the difference of ox 3 "gen or 
carbon dioxide content between artenal and venous blood Thus Fick’s for- 
mula IS 


, , , , oxygen consumption per min 

minute heart i olume = — — ^ ^ 

arteno-venous Oj difference 


or 


_ carbon dioxide output cc per mm 
arteno-venous CO 2 difference 

Stroke volume is calculated from mmute volume by division with the pulse 
rate A direct detennmation would necessitate a sample of nght heart blood 
hlost methods are based on Bomstem’s prmciple, to determme the rate of ab- 
sorption of mert foreign gas mtroduced mto the lungs The best method of 
this kmd IS GroUman’s acet 5 ’lene method All methods are based on the pre- 
sumption that the oxygen consumption withm the lungs due to the metabohsm 
of the lung tissue itself is neghgible, and that no metabohc processes bej'ond 
the needs of the lung itself take place there It is clear that that amount of 
oxygen absorbed withm the lung does not have to be transported bj’’ the blood 
stream There is no direct method that would mdicate how much oxj^gen is 
transported and how much is used m the lungs But there is some endence 
from chemical mvestigations that oxidation processes might take place -mtliin 
the lungs, at least durmg muscular work or similar emergency conditions, vbere 
there is a want of oxj’’gen supplj”^ Bohr first suggested the possibilit}’’ of mtra- 
pulmonarj' oxidations It ma}"- be mentioned that Herxheimer (125), and Got- 
theuner and Kost explamed the discrepancies between the x-ray findmgs and 
the stroke volume determmations by oxidative processes m the lungs Alpern, 
Simonson, SirVinn and Tutkiewitsch determmed simultaneousb" the lactic acid 
content of the nght heart and artenal blood one-half to four minutes after running 
m the treadmill, m 18 of 24 experiments on five dogs the lactic acid vas lover 
m the artenal blood, that is, the lactic acid disappeared dunng the passage 
through the lungs Smce the fundamental studies by IMej erhof and Hill, it is 
mstifiable to assume that the removal of lactic acid is oxidative These aut ors 
calculated at a IMeyerhof-quotient of four that about 10 to 20 per cen o e 
total oxj'gen consumption dunng work may be mtrapulmonarj- i e.- 
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suits could be confirmed by Simonson (247) m a repeated investigation The 
disappearance of lactic acid from ibe blood after passsage tbrougb the lungs 
in high altitude has been observed by tVintersiem and GoUivitzer-^Meier Al- 
though Gesell, Bemthal Gorham and Erueger found a disappearance of lactic 
acid m the lungs durmg rest there is no questaon that this process must have a 
special functional significance m all conditions where the oxygen supply is m- 
adequate The maximum amount of oxygen which can be transported by 100 
cc blood IS 30 mg while the amount of lactic acid is 100 mg (Ehippmg (155)) 
It is therefore qmte possible that oxidative processes m the lungs are an im- 
portant factor m pulmonarj* and cardiac diseases although no direct evidence 
IS available Bosenbaum found the lactic acid content lower m the arteiy 
than m the right heart (in dogs) and this difference was mcreased by anoxeuua 
It may be mentioned that Bmet et al (26 27) has proved that fats also are oxi- 
dized withm the lungs If there are oxidative processes withm the lungs we 
must expect differences between the mmute volume detemuned by means of 
Groliman s method and by means of Broemser-Eanke s (40 41) method during 
muscular work Broemser s method is based on qmte another prmciple uhich 
can be seen from their formula 

Q {Ps- Pd) S T 
D p C 

where F is the stroke volume Z a constant factor = 05 Q is the aorta cross 
section Ps — Pd IS the blood pressure amphtude S is the duration of the systole 
T is the duration of the pulse D is the duration of the diastole p is the specific 
weight of blood and C is the velocity of the pulse wave 

This means that only physical measurements are necessaiy such as velocity 
of pulse wave blood pressure etc so that no chemical process is mvolved It is 
very difficult to apply this method durmg muscular work Aht it has been done 
by Matthes, who mtenupted the work for 10 seconds Xo significant alteration 
of the mmute volume would occur m so short a period The values of the stroke 
volume as detemuned by Groliman s and Broemser s method were identical 
for restmg condition but durmg work the values detemuned by means of 
GroUman s method were considerably higher than those obtamed by means of 
Broemser-Eanke s method The average deviation was 23 S cc at an average 
value of the stroke volume of 123 cc this would mean that the stroke volume 
durmg exercise calculated accordmg to GroUman, is about 19 per cent too high 
This difference obtamed by a qmte different approach, is the same as calculated 
by Alpem Simonson Sukma and Tutkiewitsch The difference obtamed by 
Matches therefore could be explamed by mtrapulmonary oxidations, on the 
other hand then- experiments seem to demonstrate that during rest mtrapulmo- 
narx- processes do not play anj* considerable role 

The factor of mtmpulmonary oxidations may weU infiuence the results of the 
determmation of the stroke volume by means of GroUman s and similar methods 
Smce the mterference of pulmonary oxidations would tend to mcrease the x alues 
as detemuned by GroUman s method a decrease of stroke volume such as usuaUy 
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found m cardiac patients might still be significant, although the absolute 
values of the stioke volume might not be correct There are, however, still some 
other objections which can be made and have been made agamst the use of 
this method m exercise GroUman beheved that his method should not be used 
m exercise because of the rapid cireulation m exercise Blood already exposed 
to acetj'lene would return to the lungs so qmcklj' that the rebreathmg period 
would be much too short to permit any accuracy Christensen mamtamed that 
a rebreathmg period of eight to ten seconds is sufficient Even if this be accept- 
able m normal subjects, a uniform mixtuie of gas m so short a penod might not 
be obtamed m patients with changes m the lungs due to congestne failure 
(discussion s Altschule) 

Anothei presumption of Fick’s prmciple is equahty of the stroke volume of 
the right and left heart For restmg condition, equahty of the blood flow m the 
pulmonarj’ artenal and venous S3'stem can be assumed, otherwise senous pul- 
monary disturbances would occur withm a few hours (GoUwitzer-iMeier) It is 
possible that a transitorj- difference between the flow of blood through the 
pulmonarj’ artei^* and vem might occur durmg the rapid adjustments m exercise 
Hochrem and KeUer, mdeed, demonstrated differences of the blood flow m dogs, 
usmg Rem’s thennostromuhr method, m various experimental conditions Thej 
concluded that the lungs maj' sen^e as a blood depot, similar to the liver or spleen 
Sjoestrand was able to obtam histological evidence that the lungs function as a 
blood depot m exercise His experiments were performed m manj’- species (rats, 
imce, gumea pigs, rabbits, cats, and dogs), so that it might be safe to generahze 
In fact, the diminution of vital capacity (s Chapter Y) after exercise is explamed 
by the greater amount of blood m the lungs, this is, at least, the generall5’' ac- 
cepted xuew We think there is httle doubt that the blood content of the lungs 
may vaiy m exercise and this factor would mterfere with the accuracj’’ of methods 
based upon Fick’s prmciple ’ 

The importance of movements on the x'enous inflow is fairty well established 
Hence, the blood flow should be expected to differ m different t3q)es of exercise 
with different tjqies of movements, ex'en at the same rate of oxj^gen consumption 
It should be expected, for instance, that the blood flow m leg movements exceeds 
that m arm movements, and that the blood flow m djTiamic exercise exceeds 
the blood flow m static exercise Hansen has collected the data of blood flow 
reported bj’’ various authors and plotted the X'alues of these agamst the oxj'gen 
consumption The blood flow mcreased parallel to the 0x3 gen consumption 
entirety mdependentty of the t5*pe of exercise The values obtamed m arm 
exercises comcided with those m leg exercises, and the values m d3Tiamic work 
comcided with those of static work Even the values obtamed durmg electncal 
stimulation b}" a procedure used some 5*ear3 ago for treatment and known as 
“Bergomzmg” comcided with those obtamed m exercise Two conflictmg con- 
clusions ma3’ be drawn either the movements do not have the miportance for 
blood flow, as generally assumed, or the blood flow, as determmed by methods 
based upon Fick’s prmciple, do not full3' reflect the actual changes 

< Also the rapid emptying of other blood depots in the beginning of exercise might 
interfere with the accuracy of blood flow determinations 
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Because of these objections, the valuK of the .minute and stroke volume have 
perhaps mere relative importance Still the method nught have climcal and 
practical value if consistent and significant deviations between normals and 
patients could be demonstrated As the techmcal error is rather large (accordmg 
to Altschule duphcate determinations may show deviations of 10 per cent) 
this can only be done by apphcation of statistical methods None of the authors 
have done so Therefore we tned to do that, but found only the results of 
Hams and Lipkm smtable The results of our analysis will be discussed m part 
C of this chapter In the studies of other authors either the number of normals 
or of patients or both were not sufficient, or only average values were communi- 
cated Unfortunately, it was not possible to combme results of different authors 
usmg the same method because of differences m the type or standard arrange- 
ment of exercise used 

ilost authors claim considerable differences of stroke volume between normals 
and patients It is qmte possible that these differences nught be found to be 
significant so that they could be appreciated or evaluated m connection with 
future mvestigations to establish the statistical limits of this method A re- 
port of their results and mterpretations follows 

C Minute and Strole Volume of the Heart 

1 Besting Value The variation of the restmg value of heart minute volume 
of normal subjects ranges between 1 9 and 2 5 hters per square meter, Starr, 
Donal et al found a still greater range of variation It is therefore, not as- 
tomshmg that the values of patients and normals overlap The general tendency 
of patients’ values is m the direction of diminution (Altschule) The r^tmg 
minute volume has been found to be usele^ for the mdividual patient, obviously 
because of the wide range of normal values, unles the value obtamed is ex- 
tremely low !Many authors failed to find any consistent relationship betwen 
the restmg mmute volume and the patient’s condition (Ernst 1932 (76, 77), 
Eppmger Esch and Schwarz 1927 (74) Hamson Fnedman, Clark and Resnik 
1934 Eelsen, I . in dhard 1937, Nyhn 1933 (205), !Meyer 1939, Lundsgard 1916 
(179) Hams and Lipkm Hamilton et al ) Objections have been made against 
Eppmgers method (Altschule), but the other authors used the acetylene method 
except Lundsgard who used Krogh s and Lmdhard’s method Analyzmg the 
data of various authors, Z^Ieyer comes to the conclusion that even if the stroke 
volume IS decreased the degree of dmunution is not sufficient to explam the 
symptoms of insufficiency Probably we have two entirely different mechanisms 
of compensanon (a) Enlaigement of the diastohc volume The hypodynamic 
heart is able to accomplish the same performance only when contractmg from an 
mcreased (dilated) diastohc volume (h) Increase of oxygen utilization with 
decrease of the mmute volume of the heart The oxygen consumption and 
transportation is the product of both factors, therfore, they maj* replace one 
another to a certam degree Both processes (o) and (6) are at the same time 
compensation and decompensation symptoms They do not exclude one an- 
other but they tend to be reciprocal It is clear that this comphcated mterre- 
lationship cannot be analyzed merely from the absolute amount of the blood 
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flow, and that therefore there is jio consistent relationship between resting min- 
ute volume and the patient’s condition 
2 Response to Exerctse vn Cordiuc Patients Any compensator mechanism 
mvolves the use of circulatory reserves Increase of oxygen utilization is called 
upon by the mcreased demand for oxygen durmg work as weU as for compensation 
of cardiac insufficiency Therefore, this mechamsm is less available for the m- 
creased transportation of oxygen m a patient than m normal subjects This 
IS illustrated bj* comparison of the oxygen utflization by a patient with mitral 
stenosis and a normal subject with mcreasmg amount of work (176) m the bicj cle 
ergometer 

Work m-kilos per minute 400 500 620 720 960 1,200 1,440 1,6S0 

0. Utilization — Patient lOS 119 5 131 

Oj Utilization — Normal Subject 

(cc per liter blood) 94 no 118 119 131 

The oxygen utihzation of the normal subject is lower at the 720 kgm performance 
than that of the patient at 400 kgm , and the same hnut of 131 is reached m 
the patient at 620 kgm and m the normal subject at 1,680 kgm It can be seen 
that the patient has exhausted this compensatoiy resen-e at an amount of work 
about one-third that of the normal subject This leads to a ncious cucle and 
explains why muscular exercise is a much greater stram for the patient the 
mcrease of circulatory performance durmg work depends much more on his 
abihtj^ to mcrease the stroke volume, and this fimction appears to be impaired 
This explains also why determination of mmute volume durmg exercise reveals 
the capacity and reseive power much better than does the determmation at 
rest There is complete agreement that the cardiac patient is not able to mcrease 

stroke volume to the same degree as the normal subject, even if his stroke volume 
IS withm the normal range durmg rest He compensates for the mabihtj'^ to 
mcrease the stroke volume sufficiently b 3 ’ a greater mcrease of the pulse rate 
Even so, the compensation is not complete, the mmute volume, bemgthe prod- 
uct of pulse rate and stroke volume, is smaller m the patient than m the normal 
subject at the same amount of work of different tj^pes or at the same oxygen 
consumption (Hams and Lipkm, Eppmger, lusch and Schwarz (72, 74), Alt, 
Walker and Smith, Bansi and Grosscurth (14, 15), Grosscurth and Bansi (100, 
101), jMeakms, Dautrebande et al , Lmdhard) The failure to mcrease the 
stroke volume sufficientl 5 - is claimed to be proportional to the degree of insuffi- 
ciencj" and decompensation In experiments of Grosscurth and Bansi normal 
subjects mcreased the stroke volume m the given standard work (stair climbmg) 
on the average of about 50 to 60 per cent, while patients with symptoms of 
cardiac decompensation durmg work mcreased the stroke volume onlj' about 
10 to 20 per cent The mabihty to mcrease the stroke volume maj' be revealed 
even bv uuld exercise In Hams’ and Liplm’s cardiac patients, the results of 
which are analyzed p 385, the average value dunng work is 87 cc , that of 
normals is 142 cc , and that of four patients with hiyiertension without car ac 
decompensation 93 cc One patient with aortic msufficiency and auncu ar 
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flow, and that therefore theie is no consistent lelationship beti\een resting min- 
ute volume and the patient’s condition 
2 Response io Exereise in Cardiac Patients Any compensator}’' mechanism 
involves the use of circulatory reserves Increase of oxygen utilization is called 
upon by the increased demand for oxygen during woik as veil as for compensation 
of caidiac insufficiency Therefore, this mechanism is less available for the m- 
cieascd transportation of oxygen in a patient than in normal subjects This 
IS illustrated by companson of the oxygen utilization by a patient with mitral 
stenosis and a normal subject vnth inci easing amount of work (176) m the bicycle 
ergometer 

Work m-kilos per minute 400 500 620 720 960 1,200 1,440 1,6S0 

O 2 Utilization — Patient 108 119 5 131 

Oj Utilization — Normal Subject 

(cc per liter blood) 94 110 118 119 131 

Tlie oxygen utilization of the normal subject is lower at the 720 kgm performance 
than that of the patient at 400 kgm , and the same limit of 131 is reached m 
the patient at 620 kgm and m the normal subject at 1,680 kgm It can be seen 
that the patient has exhausted this compensatory reserve at an amount of work 
about onc-thiid that of the normal subject This leads to a vicious circle and 
explains why muscular exeicise is a much greatei stram foi the patient the 
increase of cnculatoiy'' peifoimance durmg woik depends much more on his 
ability to inciease the stioke volume, and this function appeals to be impaired 
This explains also why determination of mmute volume dunng exercise leveals 
the capacity and leseiwe power much better than does the determmation at 
1 cst Thei e is complete agreement that the cardiac patient is not able to mcrease 
stiokc volume to the same degicc as the normal subject, even if his stroke volume 
lb wiUiin the noimal range dining rest He compensates for the mabihty to 
inciease the stioke volume sufficiently by a greater mcrease of the pulse rate 
Even so, the compensation is not complete, the minute volume, bemg the prod- 
uct of pulse latc and stroke volume, is smallei in the patient than in the normal 
subject at the same amount of work of different tjpes or at the same oxj’gen 
consumption (Hams and Lipkin, Eppmgei, Ivisch and Schw’aiz (72, 74), Alt, 
Walkei and Smith, Bansi and Grosscuitli (14, 15), Grosscurth and Bansi (100, 
101), IMcakins, Dautiebande ct al , Lindhard) The failure to mcrease the 
stioke volume sufficiently is chimed to be piopoitional to the degree of insuffi- 
ciency and decompensation In experiments of Grosscurth and Bansi normal 
subjects mcicased the stioke i olumc in the gn en standaid nork (staii climbing) 
on the aveinge of about 50 to 60 per cent, vhile patients mth s 3 'mptoms of 
cm due decompensation duimg vork mcrcased the stroke volume onlj’’ about 
10 to 20 pci cent The inability to mcrease the stroke volume may be rei ealed 
c\cn by mild exeicise In Harris’ and Liplm’s caidiac patients, the results of 
which aic analyzed p 385, the average value dunng work is 87 cc , that of six 
noniials is 142 cc , and that of four patients with hypertension without cardiac 
decompensation 93 cc One patient with aortic insufficiency and auncular 
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"Walker aDd Smith mvestigated tiro female panenis of 24 and 22 years of age ruth 
complete heart block rrith the bicycle ergometer at 2-34 and 351 m-kilos per 
nunnte The pulse rate of the first case rras 43 at rest it mcreased to 72 at 234 
m-kilna and S7 at 351 m-kilos The normal average values of pulse rate rrere 
114 and 124 The stroke volume increased from the high restmg value 125 cc 
to 164 cc at 234 m-kdoSj far beyond the normal value of 103 cc but it decreased 
to 149 cc at 351 m-kilos This decrease of stroke volume at mcreasmg rrork 
might be regarded as a symptom of fangue of the heart accordmg to Grosscurth 
and Bana as discussed above In the other patient the restmg pulse rate rras 
32 and the stroke volume rras as high as 154 cc which is comparable to normal 
values durmg heavy work This patient could not mcrease the pulse rate, it 
rras 37 at 234 m-kilos and 3S at 351 m-kilos The stroke volume mcreased to 
the enormous values of 239 cc at 234 m-kilos and 264 cc at351m-kilos These 
are the highest values of stroke volume hitherto described It seems that m 
patients ruth complete heart block the mcrease of stroke volume may compensate 
for the faduie to mcrease the pulse rate 
~ Sjgtuiicancc of Differences tn StroJc Tdltimc and Blood Flow beiicecn Xormal 
Siibjecls and Patients Hams and Lipkm used Grolhnan s method m sm normal 
subjects and trvelve cardiac patients durmg rest and exercise This is about 
the lowest limit pernnttmg statistical evaluation By subdividmg the patients 
mto a group of six ruth auricular fibrillation ’ and another group of five ruth 
hypenensive heart disease four of whom were compensated, it is possible to 
calculate the reaction of the group of eleven patients m regard to stroke volume 
The trrelfth panent ruth pancarditis could not be classified for this purpose 
We calculated standard deviation (SD), standard error (SE) and significance 
of difierences for blood flow stroke volume and relative mcrease of stroke volume 
(restmg value taken as 100) A difierence between two mean values might be 
regarded as agmficant if it exceeds the expression 2x/SEr -r SE:= In regard 
to the restmg value of blood flow there were no significant diSerences between 
normals and patients The average restmg stroke volume rras 59 2 cc m nor- 
mals ruth a SD of =S 73 that of patients ruth auricular fibrillation (50 0) 
comcided ruth that of patients ruth hypertension (50 1) The standard de- 
mation of the whole group of patients rras =12 03 The difference of the mean 
value rras 9^, it did not exceed the expression 2\' SEr SEt* = 10 62 How- 
ever the values are rather close Our calculations for the values m exercise 
are summarized m Table H a The standard deviation of blood flow is much 
higher m patients especially those of Group B (Group C rras m a better state 
of compensation) The differences of blood flow between Group A, B and C 
have no statistical significance It is mterestmg that the standard deuation 
of the stroke volume is highest m the normal Group A and smallest m Group B 
The difference especially between Groups A and B is so large, that a deSmte 
reason must be assumed We think that the large range of variations of the 
stroke volume m exercise m normals might be due to a different trammg con- 
dition smee It 15 knovm (2-33) that ruth mcreasmg oxr-gen consumption tramed 
subjects mcrease the stroke volume more while untramed subjects mcrease the 
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Stroke volume at rest is the same m patients and normal subjects Patients 
are not able to mcrease the stroke volume more than 25 per cent (94 cc ), and 
this value is practicaUj’’ reached at 400 m-kg per mmute Further mcrease of 
mmute volume is obtamed by the mcrease of pulse rate alone, so that at the 
moderatelj’" heavj’^ work of 620 m-kdos the heart rate is as high as 164 This is 
almost the hmit of maximum mcrease, so that the performance of 620 m-kg 
must be verj^ near to the maximum perfoiinance foi these patients The dif- 
ference between the normal and the patients’ values mcreases with the amount 
of work done We have mentioned that the oxj^gen utihzation of cardiac pa- 
tients IS higher, this means that the mmute volume of the heart is smaller not 
onl 5 ’’ with legard to the amount of work done, but also to the oxj’^gen consumption 
Accordmg to Boothby (32), there is a straight hne relationship between the 
late of oxj'-gen consumption and the mmute volume of heart Hansen has dem- 
onstrated the same This relationship, however, holds good onlj’’ at work 
performed at the steady state and at values of oxj^gen consumption higher than 
700 cc per minute (Bansi and Grosscurth (14)) The constant relationship 
means that the oxj’^gen utilization is constant be 3 'ond the value of 700 cc oxj^gen 
consumption per minute The relationship between oxj'gen consumption and 
heart mmute volume is undoubtedlj’^ a fundamental phj’-siological function It 
IS shifted m cardiac patients to lower values 

The lesser mcrease of the absolute mmute volume m heart patients dunng 
exercise is overbalanced bj’’ the delaj’ed recovery time (Bansi and Grosscurth 
(14)), so that the total amount of work performed bj’’ the heart and calculated 
from the whole mtegral work and recoverj’- is greater m cardiac patients than m 
normal subjects We mentioned that the delaj'ed reaction m time at a lesser 
absolute mcrease ma}’' nevertheless be regarded as compensation mechamsm, 
it maj’’ be easier for the h^Tiodynamic heart to mamtam a shght mcrease for a 
longer penod of time than a greater mcrease for a shorter penod, m spite of the 
fact that the total amount of work would be greater m the first case We may, 
therefore, conclude that the hj’podjTianuc heart does not work at maximum 
economj^, but at the easiest mechamcal conditions The greater mcrease of 
pulse rate might be explamed m the same waj" It is, from the viewpomt of 
economj', an unfavorable reaction, because the economy’- of the heart decreases 
with mcreasmg pulse rate This means that the heart needs more oxj’'gen for 
the same amount of work As the msuflBciencj- of the heart is probabl 5 ' due to 
peripheral anoxia, this is a tj-pical vicious cjcle But, perhaps, this is the only 
reaction possible if the stroke volume cannot be mcreased bej’ond a xer}' low 
hmit 

S Response tn Patients with Heart Bloch Investigations on patients vitn 
heart block are of decidmg importance m the ex aluation of the functional signif- 
icance of the mcrease of pulse rate Liljestrand and Zander studied one case o 
uncomphcated total heart block The ventncular rate was 50 at rest, it m- 
creased to 100 beats dunng heaiw exercise The maximum value of the stroke 
volume was 100 cc , the cardiac output mcreased normaUi* with mcreanng 
load up to a value of 16 hters at an oxj-gen mtake of 1,500 cc per mmute - , 
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ume The findings of B'vnsi nnd Grosscurth (decrease of stroke volume m 
fitigue see above) may be regarded as a foim of cardiogenic collapse because 
the drop of stroke volume may be removed after digitahs A cnncal drop of 
the stroke volume has been descnbed bv ^latthes in a normal subject of 27 
years of age The stroke volume dropped as loir as to 11 cc during work inth 
the bicvcle ergometer at the moderately heavi* mte of 513 m-kilos per mmute 
The subject tvas unable to contmue It is mterestmg that the pulse rate 
dropped parallel to the stroke volume so that the minute volume dropped to 
the vaJue of tvro hters i e about half the norm‘>l resting value After some 
mmutes of recovery the values tvere normal It is possible that this \tas a 
cardiogemc coUapse due to fatigue of the heart muscle similar to Grosscurth 
and Bansi s observations It is diScult to distmguish cardiogemc collapse from 
peripheral collapse by the stroke volume alone Cardiac patients are predis- 
posed to either form of coU''pse m connection tnth exercise Excessive drop of 
mmute volume is especially frequent m the recoverv period In normal sub- 
jects the heart is able to compensate for the cessation of movements vrhich favor 
the venous return of blood flov, by means of its ovn reserve povrer In cardiac 
patients the insufficiency of the heart muscle durmg tins cntieal recovery period 
v^aUy does not lead to outright collapse although there is some madequacy of 
cardiac output In one case of nutnil stenosis Bansi and Grosscurth (14) ob- 
served a drop of mmute volume to 1 2 hters durmg recovery These authors 
regard a pronounced n^itive phase of cardiac output m patients tnth heart 
disease as an ominous sign 

Collapse IS sometimes observed m normal subjects after heavy exercise 
Athletes m'’y collapse immediately after they have fimshed a performance 
There is deep unconsciousnKS due to cerebral anemia for a short time, some- 
times tuth retrograde amnesia the subjects look verv' pile yet usuallv they 
recover their consaousness rather qmckly especially if the lower extremities are 
lifted (Jold (139)) Nevertheless it is advisable to keep them m recumbent posi- 
tion for a longer period of time otherwise the collapse may recur Complete 
recovery takes considerable time This form of collapse may occur m well 
tramed athletes It can be provoked by standmg position hlateefi (1S7-1S9) 
called this form of coUipse ‘ orthostatic The dimmution of stroke volume is 
accompamed by a decrease of blood pressure and dirmnution of pulse amplitude 
The most probable explanation of this form of coU''pse appears to be a dispro- 
portion between the drop of mmute volume after exercise and the readjustment 
of the dilated capdlines The coUapse may be prevented by bandagmg the 
lower extrermties The risk of vasomotor collapse is much mcreased after m- 
fecbous diseases (Jokl (139)) so th^t athletes should refram for some tune from 
competitions after mlectious diseases even if there are no chmcal sjmptoms 
The nsk of vasomotor coll''p5e is also mcreased by high environmental tempera- 
ture due to the additional dilatation of skm capillanes (Jokl) 

Accordmg to Schellong (229 230) the vasomotor collapse immediately after 
muscular exercise is also charactenstic of Simmond s disease (hvpophvsis) It 
can be revealed by rather mild exercise tests (clunbmg of 50 steps at moderate 
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heart rate more The much smaller range of vanations m Group B may be 
explamed the pronounced depression of the upper hmit, to which the stroke 
volume can be mcreased m patients, as a result of which the psssible range of 
vanations is narrowed The difference of the averages was significant between 
normals (A) and each group of patients (B or C), between normals (A) and the 
fetal group of eleven patients (B and C), and even between the Groups B (in 
chmcally worse condition) and C (m state of better compensation) 

Also the relative mcrease of stroke volume (restmg value taken as 100) in 
Groups B and C was significantly depressed compared to normals The relative 
mcrease m Group C was not significantly greater than m Group B, although the 
difference almost equalled the expression 2v/ SEr -p SEj- It is possible that 


TABLE IIa 


CSOTjP 

ruvcrros 


SD 

DnrixrscE or iihav 

VALUES 


sicvn 

ICAKI 

VSEi -fSEr 

a) Six normals 

Blood flow 

9 97 

±0 955 




b) Six patients 

tt ft 

8 63 

i3 237 

a - b 1 34 

2 76 

No 

(auricular 







fibrillation) 







c) Five patients 

ft tt 

8 46 

±1 760 

a — c 1 51 

1 6S5 

No 

(hyperten- 







Sion) 




b - c 0 17 


No 

a) 

Stroke volume 

141 8 

zc32 60 j 




b) 

ft ft 

66 8 

±2 963 

a — b 75 0 

27 34 

Yes 

c) 

ft tt 

85 0 

±18 85 

a — c 56 8 

31 78 

mm 





b - c IS 2 

16 16 


b + c(ll patients) 

tt tt 

75 1 

±16 62 

a — (b ± c) 66 7 

29 20 

les 

a) 

Relative in- 

239 2 

±48 40 




b) 

crease of 

143 

±35 98 

a - b 96 2 

49 24 

les 

c) 

stroke vol- 

166 6 

±23 66 

a — c 72 6 

45 36 

\es 

1 

ume 



b - c 23 6 

24 76 

No 


further studies m a larger material of groups in different states of decompensation 
might reveal significant differences 

These calculations show that m Hams and Lipkms’ experiments the differences 
of stroke volume between normals and patients are sigmficant, m spite of the 
large vanations This matenal is still too small to allow generahzation, but it 
is encouragmg enough to suggest further mvestigations m this direction 

5 Collapse during or after exercise Almute volume drops dunng collapse 
An outnght collapse is, of course, mcompatible with work Eppmger (69, 75) 
showed the effect of coUapse on exercise by^ electncal stimulation of muscles m 
dogs dunng peptone or histamine shock In normal dogs electncal stimulation 
mcreased cardiac output from 1 82 to 3 10 liters, during shock it did not respon 
to stimulation and w as as low as 0 5 hter This was, however, not due to cardiac 
damage, but to dilatation of capiUanes and diminution of cuculatmg blood i o - 
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speed) It appears that some function associated with the h3'pophysis is essen- 
tial for the adaptation of the blood pressure and the tonus of the capillaries to 
muscular exercise Some cases of so-called constitutional h3?potension seem to 
be related to Simmond’s disease Such disturbance of vasomotor regulation has 
been reported unproved hy preparations of the anterior lobe of the h5p»ophysis 
A third form of vasomotor collapse occurs 10 to 15 minutes after the cessabon 
of exercise It does not occur when the athletes sit or he down immediately 
after the exercise Accordmg to Jokl (139), a chemical substance producmg 
collapse must be responsible for this form of “delayed” collapse Another form 
of collapse m athletes is observed m underwater swimmmg and m hftmg It 
IS obviously due to the Valsalva phenomenon The mclmation to this form of 
collapse can be shown by Burger’s procedure, where the subjects are asked to 
breathe against the resistance of a mercury column of 40 mm for 20 seconds 
In a group of “asthemc” subjects the systohc blood pressure decreases, although 
most subjects are able to compensate for the mcreased mtrapulmonaiy pressure, 
1 e , to mamtam the sj’stohe blood pressure Some subjects even collapse durmg 
this pressure test It is mterestmg that after infectious diseases well framed 
subjects maj’- give asthemc reactions m Burger’s pressure test (Ewig (78)) In 
female subjects this ma5^ occur during the menstruation penod (Jokl (139)) 

6 Response to exercise in patients with exophthalmic goiter All pathological 
conditions hitherto discussed are characterized bj^ a decrease of the mmute and 
stroke volume of the heart The opposite reaction has been observed m exoph- 
thalmic goiter, where the mmute volume exceeds the normal values at the same 
level of work or oxx’-gen consumption Consequently, oxygen utilization of the 
blood IS less than m normal subjects The fundamental relationship between 
mmute volume and oxj'gen consumption is disturbed m the opposite wa}’’ to that 
noted m cardiac patients The values of the minute volume of cardiac patients 
he below the straight hne representmg the normal relationship (mcrease of 88 cc 
cardiac output per each 100 cc O2 consumption per square meter surface), the 
values of patients with exophthalmic goiter he above this hne (see Big 2 repro- 
duced from Boothbj- and Rjmearson, Arch Int yied , Vol 55, p 555, Fig 2) 
Similar results have been obtamed by Fullerton andHarrop , Liljestrand and Sten- 
strom, Boothb3' and E3'nearson, Zondek, Bansi and Grosscurth (12, 13, 14, 16) 
The discrepanc3^ between the mcrease of circulation rate and of ox3^gen consump- 
tion durmg exercise largel3' disappears after th3Toidectom3’, even when the abso- 
lute heat production and the cuculation rate hax e not returned complete^' to 
average normal values The (iiscrepanc3' between mcrease of cardiac output 
and ox3'gen consumption is still more striking, when the cardiac performance is 
calculated as the product of “average blood pressure” tunes “cardiac output 
(Bansi and Grosscurth (12, 14)) This discrepancy seems to mcrease vith m- 
creasmg work and oxygen consumption, as shown m Table III If the tota 
performance of the heart is calculated from the whole mtegral work and recoi- 
eiy, the xalues of the patients exceed eight tunes the normal lalues This re- 
action is charactenstic for patients without cardiac decompensation 
with secondaix- cardiac decompensation react similar^' to “pnman* car lac 

patients 
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■witli mitral leaons shoived a greater mcrease of heart rate than did panents ivith 
aorac regurgitation or hj'pertension Certam patients mth angina pectons are 
characterized by inabdin- to increase the heart rate Atropin increases the 
pulse r>te, but not the capacity for work (Proger et al (-21)), so that the failure 
to iaciease the pulse rate might be due to an mcrcased xagotonus, perhaps a 
kind of protecnve mech^msm The same author found other responses of pulse 
rate to cxerase (bicvcle ergometer 1S5 kgm per minute) in other patients with 
angm"' pectons such as cardiac irregulantv shortly beiore the onset of pam, 
disappearmg after exercise tlun thready barelv palpable pulse during exer- 
cise associated with failure of pulse pressure to increase normally pnmaiy re- 
spiratory distress with rapid pulse rate Accorchng to Proger, the various tt'pes 
of responses to exercise mdicate that angma pectons is merely a stmiptom which 
may be a manifestation of widely difierent disturbances m difierent people The 
appearance of extrasystoles durmg work (n pe B m Proger s observations) is 
not necessarily pathological 

The recoveia* time of the sj'stohc blood pressure after ascendmg and descend- 
mg two steps was found to be significant for mvocardial damage (Rapport) 
Bamnger (lS-21'1 while he worked out the delayed nse of the systohc blood 
pressure as a chnical test insisted that neither the diastohc blood pressure nor 
the pulse rate were of ?ny value Rcismger too fraled to find the results ob- 
tained bv measurement of blood pressure and pulse rate after the two step 
test ’ sausfactori' According to Cino cardiac failure does not alwat's manifest 
changes in blood pressure and blood flow simultaneously Spohr and Lampert 
hold the -new (on the basis of ex-immition of 300 normal subjects and cardiac 
p itientsl that decrease of the si'stohc blood pressure below the restmg value as well 
as its delaa-ed return after exercise ^stair chmbmg'' may be considered indicative 
of ca.rdiac disturbance Nevertheless neither the blood pressure alone nor the 
recover!' time of pulse rate alone are suitable methods because 50 pel cent of 
patients show nornfl reaction If combmed onlv 26 per cent of the cardiac 
patients escape the recogmtion But when additionally the lung ventilation is 
measured all patients show p'>thological reactions It may be mentioned that 
the majoiitv of nervous cardiac disturb mccs show nomiil response to exercise 
Without going into further detail these d ita mav sufiice to illustrate the difier- 
ent \aews of mam authors m regard to the diagnostic value of blood pressure 
and pulse during ind attei exercise 

The detemunation of the stroke and nnnute lolumc in spite of objections 
which have been raised shows more striking difierenccs between normals mid 
patients than the deternnn ation of the pulse rate or blood pressure The deter- 
mmation of the piulse rate alone imght be a'aluable for patients with imtral 
lesions (the increase being evaluated as maf'a'orable sa-mptonal and in some 
cases of angma pectons (the increase bemg evaluated as faaorable svmptom) 
The in\ estigations of Biemng et al on the electrocardiogr-^m are dso a vera* 
valuable contnbution He increased the lo^d of the bica cle ergometer from lo'o 
to SOO m-kilo per minute dunng the exercise In normal subjects the pulse 
rate increased in linear progression m recover!' it rctunied and became steady 
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It IS interesting that the increase of the minute volume is to be observed m 
‘pie-h 5 ’peith 3 *ioidism” as the earhest pathological sjTnptom, when the basal 
metabohc rate is still noinial (Zondek) 

It would appear that the mcrease of the circulation rate exceeds that of the 
metabohc rate These findmgs explam the disposition of patients vith exoph- 
thalmic goiter to circulatoiy msufficiencj' and the decrease of maximum workmg 
capacitj’ Those patients attam at moderate work the same mcrease of cardiac 
output as normal subjects do at heavy work 

The mciease of mmute volume and stroke volume was m the normal range in 
one obese subject m good condition (Alt, ITalker and Smith), exammed at 234 
and 351 m-kilos per minute (Bic 3 -cle ergometer) Bansi (12) failed to find con- 
sistent deviations m obese patients On the other hand, Lauter and Baumann 
found the mcrease of mmute volume as well as of oxygen consumption much 
more pronounced m obese patients than m normals, but these authors used the 
discredited ethyl iodide method of Henderson and Haggard Ha 3 ’-asaka and 
Inawashiro found m patients with ben-ben an excessive mcrease of mmute and 
stroke volume durmg work, but the mcrease of the systohc blood pressure was 


TABLE m 

Aicrage Heart Performance of Normal Subjects and of Patients with Exophthalmic Goiter at 
Increasing Oxygen Consumption {according to Bansi and Grosscurth) 


Oxygen consumption, co per minute 

700 

850 

950 

1,050 

Average heart performance of normals, meter-kilo 

13 

15 

17 

20 

Average heart performance of patients, meter-kilo 

37 

40 

43 

53 

Difference 

24 

25 

26 

33 


lower than m normal subjects This can be explamed by extreme vasodilata- 
tion of capiUanes 

Durmg pregnancy mcrease of mmute volume durmg work is withm normal 
range, but recovery is dela 3 -ed (Schroeder and Franz) 

D Pulse Rate and Blood Pressure 

Increase of pulse rate might reflect to a degree the condition of the circulation 
m cardiac patients A greater mcrease m cardiac patients might be expected 
than m normal subjects for a given exercise compensatmg for the inabiliti to 
mcrease the stroke volume Howe\ er, the actual results of ^ anous authors do 
not qmte support this mew Accordmg to Cotton et al (59), the pulse rate 
reaches the same level m patients and normals “for a given grade of distress 
nevertheless, there was no consistent relationship between pulse rate and signs 
of distress However, the sensation of distress is a different one m patients and 
normal subjects Alann found the recover 3 ' speed of pulse rate without an} 
agmficance for the reaction of patients, contrar}* to blaster and Oppe^enner 
and Aleakms and Gunson Eppmger Kisch and Schwarz (74) failed to fin an} 
consistent relationship between increase of the pulse rate and blood pr^sure 
during work and the condition of cardiac patients, although as a rule pa len s 
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method) mcreased durmg work about 30 mm , reached the restmg value withm 
15 seconds, and then sometimes dropped about 10 to 15 mm below this value 
Accordmg to the response of the venous blood pressure to exercise, he classified 
cardiac patients mto the foUowmg types of decompensation Type I — ^fairly 
compensated, restmg value normal, insignificant deviations after exercise 
Type II — begmmng decompensation restmg value normal or decreased, “de- 
crease” after exercise more pronounced and prolonged (for 10 minutes and 
longer) than m normal subjects Tj^ie III — chmcal decompensation restmg 
value m the high normal range or elevated, “mcrease” durmg and after exercise 
more pronounced than m normals, delayed recovery (between three to five mm- 
utes) , then, m most cases drop below the restmg value Type W — ^pronounced 
decompensation, restmg value mcreased, enormous mcrease after exercise with 
delayed recovery time (10 minutes and more) The response of the venous 
blood pressure to exercise was found to be valuable for the detection of venous 
obstruction m the upper and lower extremities (^*eal and Hussey), especially m 
those cases, where the obstruction was not very pronounced and compensated 
m restmg condition by collateral circulation In normal subjects the venous 
blood pressure did not mcrease more than 10 mm durmg and after the very mild 
exercise of squeezmg a roll of bandage with the hand 30 to 40 times In patients 
with local obstruchon of axiUary or subclavian vems the venous blood pressure 
rose steadily durmg exercise from 50 to 962 mm A similar test was apphed to 
obstruction of ihac or femoral veins (nsmg on the toes 20 to 30 times) with simi- 
lar results 


F Velocity of Blood Flow Circulating Blood Volume 

The oxygen utilization of blood depends on the relationship between velocity 
of blood flow and metabohc rate Durmg work, the velocity of the central 
blood flow mcreases, due to mcrease of mmute volume The speed is slowed 
down withm the workmg muscle due to the enormous vasodilatation and at the 
same time the metabohc rate is mcreased Therefore, the artenovenous oyj'gen 
difference of the blood flowmg through workmg muscles increases, the general 
mcrease of oxygen utilization (difference between nght and left heart) depends 
on the relative amount of blood which has passed through workmg muscles 
Therefore at the same oxygen consumption a high oxygen utilization mdicates 
a slow circulation rate and vice versa, this, mdeed, is expressed by Tick’s for- 
mula Therefore, the higher oxygen utilization of cardiac patients durmg rest 
and work mdicates a slowed circulation speed, and this is still more pronounced 
durmg work than at rest (see p 382) 

In patients with hyperthyroidism the utihzation is lower at rest and durmg 
exercise than m normal subjects, this mdicates an mcrease of the general circu- 
lation speed, especially m view of the mcreased oxygen consumption Here, 
the discrepancy is greater durmg exercise than it is at rest, m some patients 
there is et en a decrease of oxygen utilization durmg work, while normal subjects 
always show improvement of oxj gen utilization (Bansi and Grosscurth (14, 15) 
Accordmg to Hamson and Pilcher (109), the mcrease of ox\-gen utilization 
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someiviiat above the resting value In four patients with angina pectons the 
increase of pulse late was less and developed at a slower rate, it dropped again 
when a certain amount of woik (400-500 m-kilos) was exceeded It is possible 
that this IS a sign of anoxemia Schneidei and Clarke mvestigated the effect of 
mcreasmg the load (from 2,000 to 10,000 foot pounds) on the pulse rate at simu- 
lated altitudes of 10,000 to 25,000 feet The maximum value of pulse rate and 
the maximum load Mhich could be attamed decreased with the altitude Fur- 
thermore, m Bieirmg’s foui patients the pulse rate dropped below the restmg 
value m recoveiy, which he never obsen^ed m his normal subjects The de- 
crease of pulse rate at the maximum load comcided with the onset of pain In 
patients with complete heart block the mciease of the ventncular rate is a posi- 
tive sign, the greater the mcrease m exercise, the less mcapacitatmg are the 
cardiac sjTnptoms (Gdchnst) 

The blood pressure is a rather comphcated function, so that the relationship 
to a smgle process ma}’’ be disturbed by the mterference of other processes 
This, perhaps, explams, at least to a certain degree, the different expenences of 
different authors The measurement of the blood pressure is valuable in forms 
of collapse or pre-coUapse durmg or after exercise Diastohc blood pressure 
does not show significant alterations during exercise it remams constant or in- 
creases somewhat, after exercise it often drops, due to vasodilatation, which is 
more persistent than the mcrease of mmute volume A pronounced drop of 
diastohc pressure after exeicise is a characteristic feature of the vasoneurosis 
of young people and is due to excessive penpheral vasodilatation (Schellong) 
This phenomenon may be reproduced m normals bj'^ mtntes 

E Fenous Blood Pressure 

Venous pressure is often mcreased m cardiac patients However, the values 
of normal individuals, compensated cardiac patients, and patients in failure 
frequently overlap (Altschule, Van Nieuwenhmzen) In man3'’ instances, 
marked signs of failure ma3'' be piesent without alteration m venous pressure 
It must be assumed that m these cases extensive dilatation of capiUanes com- 
pensates to a certam degree for the mcapacit3’’ of the heart It might be expec- 
ted, theiefore, that the response of the venous blood pressure to exercise would 
be more uniform in cardiac patients than the restmg values, because additional 
factors (increase of the minute volume of heart, mcrease of the intrapleural pres- 
sure) aie mtroduced b3' exercise with the tendenc3’- to aggravate the performance 
of the nght heart Hainson, Harrison, Calhoun and IMarsh (108) and Schott 
(235) found, indeed, that the nse of the venous blood pressure dunng and after 
nuld exercise is greater and more prolonged in cardiac patients than in normal 
subjects Budelman reports considerable and prolonged increase of i enous 
blood piessure in cardiac patients in a t3'pe of work with winch normal subjects 
showed onlv a I'ery slight increase The most thorough investigations into this 
question are those b3' Van Xieuv enhuizen He used a i eiy nuld exercise test 
(flexion of legs with bent knees) in 25 normal subject® and 250 cardiac patient® 

In the normals the venous blood pressure (measured with IMontz’s and Tabora s 
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produced bv emptying of blood depots This method gives reliable results m 
normal subjects and ammals m high altitude, during exercise, etc The methods 
are based on the difference of the speed of the blood flovr between the general 
circulation and the slow circulation withm the blood depots In the spleen the 
circulation speed seems to be almost neghgible while m the hver and splanchmc 
depots the speed is somewhat higher these depots function more as large parallel 
shuntmg systems The disappearance of the dye from the blood stream is cer- 
tainly to a large degree due to the mixmg of the blood m the general fast circula- 
tion and the slower circulation withm the depots, this has been demonstrated 
for the spleen (Barcroft Zondek, see Table JX^ It may be mentioned that the 
role of the spleen seems to be less important m human bemgs, smce the maxi- 
mum capacity of the spleen is only 200 cc (Eppmger (70)) It is clear that 
the reaction of the blood depots cannot be expected to change the dye concen- 
tration significantly after the dye has been mixed with the blood depots This 
IS the case m Kaltreider and INIeneely’s experiments who mj ected the dye solution 
40 mmutes before the exercise The decrease of blood volume, which these 
authors have found durmg exercise appears to be significant only if the dye con- 
centration durmg exercise exceeds the initial dye concentration This, however, 
IS not the case It may be mentioned that m the later phases of exercise the 
blood volume d i m inishes due to a passage of water mto the muscle The 
measurement of the cnculatmg blood volume is not accurate in patients with 
congestive heart failure for sumlar reasons The mixmg of injected dyes is 
altered because the difference of the speed between the blood flow through the 
congested organs and the so-called blood depots is diminish ed These difficul- 
ties have been discussed by Harnson and by Altschule (106) Xevertheless, 
most authors agree that the blood volume is mcreased corroboratmg necropsy 
findm py and observations on capiflanK (bibhography see Altschule) As the 
difference of the speed between the blood flow m the general circulation and the 
blood depots is diminished m patients with heart disease one would expect that 
the important function of emptymg the blood depots is impaired Ewig and 
Hmsberg (79) and "WoIIheim found, mdeed, that the normal mcrease of blood 
volume at the begmmng of exercise did not occur m cardiac patients As the 
patient s condition improved, the response of the blood volume to exercise be- 
came normal agam Also Chour found m decompensated patients with heart 
disease no change of blood volume durmg exercise Kaltreider and ZMeneely 
found also no change of blood volume durmg exercise m patients, but they ob- 
tamed the same results m normals, the reasons for this have been discussed 
above 

In shock or collapse there is a pronounced and cntical decrease m circulatmg 
blood volume and the blood depots do not respond to exercise m this condition 
(Eppmger) Although m both conditions (shock and congestive heart failure) 
large amounts of blood are stored m dilated penpheral capillanes, there is a 
significant difference, m congestive heart failure there is a diminished mmute 
volume of tne heart combmed with mcreased cuculatmg blood volume, m shock 
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during exercise m cardiac patients -witliout edema is greater than that of nor- 
mals, but it IS smaller m patients ivith outspoken edema Thus, the utilization 
of oxygen nrould be dunmished by edema, obviously because of the decrease of 
the speed of oxj'gen passage through the capiUaiy walls In this case, the hlood 
flow must mcrease agam, so that a vicious circle would result These findinp, 
however, could not be confirmed b 5 >' Weiss and 

Direct methods have been developed to measure circulation tune The prin- 
ciple consists m measurmg the tune between mtravenous mjecfaon of some sub- 
stance and capillarj' reaction produced bj’’ the substance (bitter or sweet taste, 
cough, heat sensation, etc ) The only capfllary nets which are passed through 
completel 3 ' are m the lungs, consequentlj*, these methods measure essentially 
the puhnonarj- circulation tune The “tune” determined must be considered 
as near the “average” but not necessanlj- the “fastest” because it is unhkely 
that that particle which flows fastest at a given moment will be so at another 
moment (Blumgart and Weiss, J ) General!}^ the prolongation of circulabon 
tune should parallel the decrease of the mmute volume In patients with pul- 
monary’’ congestion, however, the vasodilatation m the lungs may' exceed that 
of the organs m the great circuit In these cases, the prolongation of pulmonary 
circulation tune exceeds the dimin ution of the cardiac mmute volume (Alt- 
schule) 

Circulation tune, cuculatmg blood volume, and mmute volume are coimected 
with one another accordmg to "luerordt’s formula 

^ , , , Cuculatmg blood volume X 60 

Cuculation tune = — ? 

jNlmute volume 

These factors may' alter mdependently' to a certain degree, so that there is no 
complete or consistent relationship between these three factors (Weiss and Elhs) 
Increase of mmute volume, for instance, is usually accompamed by i asodilata- 
tion and mcrease of cuculatmg blood volume Nevertheless, there is a certain 
limi t of vanations which is not exceeded m normal subjects Cuculatmg blood 
volume and min ute volume have usually the proportion 1 1, this proportion has 
been called “circulation quotient” by WoUheun It is nothmg else than the 
average cuculation tune divided by' 60 This quotient is about 1 06 and is much 
mcreased m patients with heart disease (up to 20 and more — ^Eppmger (70)) due 
to the mcrease of cuculatmg blood volume and the dunmution of mmute volume 
This explams why' the dei'iation of the circulation tune often exceeds that of the 
mmute volume, because it reflects both factors, mmute volume and cuculatmg 
blood volume There are two different methods to measure the cuculatmg 
blood volume the dye method and the CO-method Both are similar the 
volume of blood is calculated from the concentration of dye or of CO-hemoglo- 
bm, after mjection or inhalation of a certam amount The dye method meas- 
sures the amount of plasma, the CO-method, the amount of red corpusc es 
With the onset of muscular work there is an mcrease of circulating blood i olume. 



MUSCULAR EXERCISE AKD FATIGUE IN DISEASE 


397 


IS not replaced by tbe otter blood depots Splenectonuzed subjects fatigue 
easily and become dyspneic after short duration of exercise, even if the heart 
and limgs are normal 


G Electrocardiogram 

Paterson and Paterson found m veil tramed athletes no significant changes m 
the electrocardiogram after a marathon race Bierrmg et al , mvestigatmg 
moderately heavy work (800 meter-kilos) with the bicycle ergometer, found the 
T-vave normal immediately after vork, but it mcreased durmg the first nunute 
of recovery, reached a maximum durmg the second minute of recovery, and then 
dropped to a lower level than before the work (4th to 6th minute of recovery) 
In no case of normal persons were isoelectnc T-waves, much less negative 
T-waves observed In four patients with angma pectoris the following dela- 
tions could be regularly obtamed after the exercise (a) Depression of the S-T 
mterval which was most pronounced immediately after the exercise and then 
gradually diminished (b) Inversion of the T-wave, which reached the maxi- 
mum 1 5 to three mmutes after the work and lasted for mne to ten mmutes 
Katz and Landt used the four lead electrocardiogram They mvestigated 20 
patients with coronary isease The exercise consisted of raismg three pound 
dumbbells with both hands durmg three mmutes while l3ang m bed This is a 
very mild exercise, not comparable with the rather heavy exercise used by 
Biemng Katz and Landt observed a tendency of the S-T segment to shift m 
a downward direction The changes m Lead IV were characteristic when they 
occurred “They became deeper, however, m a few instances the T-wave be- 
came smaller In all instances where a change occurred, the most significant 
alteration was a positive angular movement of the S-T segment, makmg the 
angle between the S-T segment and the descendmg hmb of the T-wave more 
acute ” The authors conclude that the use of the effect of exercise on the 
W-lead electrocardiogram is a valuable adjunct m estimatmg the status of 
coronary cuculation Taken all in all, then results are less consistent than 
those obtamed by Bierrmg, there were no changes of the electrocardiogram m 
some patients after the exercise Especially, they obviously did not obsen’^e 
the mversion of the T-wave, reachmg a maximum two to four mmutes after the 
work Probably the exercise was too mild to produce this sign It maj be 
mentioned that Katz and Landt faded to find any paraUehsm between the de- 
velopment of angmal pam and electrocardiographic changes Are the alter- 
ations after exercise m patients with angma pectons an anoxemic symptom? 
Benson saw only a very shght and mconstant depression of the T-wave and de- 
crease of the QRS amphtude m healthy subjects up to 20,000 feet altitude It 
IS, however, possible that the lack of oxygen m the heart muscle, produced by 
exercise m patients with angma pectons is much more severe than maj be ob- 
tamed by any experimental arrangement m healthy subjects Proger and Korth 
found m three of six patients with rheumatic heart disease and i alvular lesions 
a shght mcrease of the P-waie m Lead II, m the other three increase of the 
T-va\e after moderatelj’ heavy work with the bicjcle ergometer 
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or collapse both functions are decreased It seems possible that the racrease of 
the blood volume is a compensatory mechanism m congestive heart failure 
The methods of measurmg circulatmg blood volume are more accurate in con- 
ditions where the velocity of the circulation is mcreased, i e , m patients witli 
exophthalmic goiter According to Zondek, circulatmg blood volume is in- 
creased m patients with exophthahmc goiter (30 to 40 per cent above normal), 
so that practically aU of the blood is m free circulation This can be under- 
stood, because, accordmg to Vierordt’s formula, an mcrease of mmute volume 
must be, to a certam degree, accompamed bj" an mcrease of blood volume, other- 
wise circulatory disorder would result Increase of blood volume lags behind 
the mcrease of mmute volume, therefore the circulation tune decreases As no 
blood IS available for curculatoiy regulation m the depots, the blood volume does 

TABLE rv 


Increase of CO Concentration in Blood and Spleen in Normal and Thyroidectomized Rahbtls 

During Best and Exercise 


ATnrHOR 

DtmAUON OF 
BREATHC^G CO 

co'TOinos 

CO COXCZXIEAIION 


Blood 

Spleen 

Barcroft 

minutes j 

3 

Normal rest 

ptr’unl 

23 

per cent 

3 


10 

Normal rest 

33 

7 


15 

Normal rest 

45 

14 

i 

3 

Normal exercise 

19 

17 5 

1 

10 

Normal exercise 

31 

33 

Zondek 

6 

Normal exercise 

24 

24 


1 10 

Normal exercise 

37 

33 


15 

Normal exercise 

47 

43 


6 

Exercise* 

27 

3 


10 

Exercise* 

32 

5 


15 

Exercise* j 

48 

13 


* 4 weeks after thyroidectomy 


not change durmg exercise m patients vutb exophthahmc goiter The improve- 
ment of the patient's condition is reflected by the reappearance of blood depots 
Zondek demonstrated the opposite disturbance m rabbits tvo to four weeks 
after th 3 'roidectomy these animals were unable to bnng the blood stored m the 
spleen mto the general circulation, so that the conditions were similar to norma! 
animals durmg rest This is illustrated by Table W 

The blood stored m the spleen is richer m red corpuscles than is the blood m 
the general circulation Therefore, the emptjmg of the spleen mcreases the 
number of eiythrocjdes m the general circulation Benhamon, Jude, and 
Marchiom found m three subjects of 24, 40, and 42 years of age uho vere 
splenectoimzed at the age of five, three, and six years no increase of eodhroc^dea 
durmg work the authors conclude that m this respect the function of the spleen 
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B Yiial Capacity 

Pronounced reduction of vitnl capacity reduces uorking capacity (Hurtado, 
et al (136, 137), Peabody, et al (215) In less pronounced cases there is only 
a general and average parallelism between working capacity, patient’s condition 
and reduction of vital capacity Tbis is obviously due to the ample pulmonarj’- 
reserve wbicb is not exhausted even by severe exercise m normal subjects 
When the latal capacity was less than 70 per cent of the predicted (by the for- 
mula of Hurtado and Fray (135), dyspnea was nearty alwaj's produced by mod- 
erate phj-sical exertion (Kaltreider and McCann) Wilson and Edwards found 
m 88 children with heart disease a diminution of intal capacity of —2 per cent 
m a group with no impairment of muscular activity, m a group with reduction 
of muscular capacity the dimmution was — 30 to 50 per cent For the given mdi- 
vidual latal capacity is not an accurate mdex (Stewart and Jack), and this is 
emphasized by Kmppmg and Moncneff Wtal capacitj^ is diminished after 
hard muscular exercise m normal subjects, due to the mcreased amount of blood 
m pulmonaij' circulation In cardiac patients mtal capacity may dmamish 
after a moderate exercise which is insufficient to influence that of normal persons 
(Budehnan) Harrison et al (107) found a shght, but not consistent or regular 
decrease of mtal capacity after exercise m eight normal subjects as well as m 
seven cardiac patients 


C Related Pulmonary Ventilation, Dyspnea on Exertion 

The unsatisfactorj- results obtamed bj* measurement of absolute puhnonarj* 
ventilation and mtal capacity alone mduced sei eral authors to relate both func- 
tions to each other m order to obtam a more rehable mdex for the djspnea 
threshold The idea was that the ntal capacity determmes to a certam degree 
capacity for puhnonai^^ ventilation, so that distress must result when total 
ventilation exceeds a certam proportion of ntal capacity Harnson, Turley et 
al (112) found that dj-spnea m cardiac patients was more closely related to the 

expression yentflaton either of these factors alone In Kaltreider 

vital capacity 

and klcCann’s mvestigation none of the mdimduals complamed of dj-spnea at 
values of this coefficient below 40, while at lalues between 40 and 66 mild 
dj'spnea was noted None of the normal subjects complamed of dj’spnea or 
reached a value of this coefficient higher than 50 0 at the rate of 300 m-kdos per 
nimute Patients with minimal fibrosis reacted hke normal subjects It niaj* 
be mentioned that no defimte relationship was found between the degree of 
fibrosis revealed m roentgenogram and the appearance of dj'spnea Although 
this coefficient seems to be valuable for patients with heart disease and with 
pulmonarj- fibrosis, it fails to give rehable results in patients with emphj sema 

Naltreider and McCann found the expression 

maximum minute ventilation 

be a more accurate mdex for all conditions, mcludmg pulmonarj- emphj sema 
This coefficient expresses the pulmonarj- resen e (Chapter I) 
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y The pathologicae alterations op respieatort puxcnoxs dueixg and 

AFTER ilUSCULAR EXERCISE 
*4. Absolute Pulmonary Venhiahon 

Dyspnea is a characteristic feature of both cardiac and puhnonar 3 ^ disorders 
Since dyspnea is a “quahty,” its eyaluation is difficult jMeasurement of lung 
yentdation contributes a good deal to an appreciation of the significance of 
dyspnea In cardiac and puhnonai^* disorders absolute yentdation is increased 
durmg lest and exercise (B^ddard and Pembrej*, Campbell (50), Eppmger, 
Elsch and Schwarz (72, 74), Harrison, Harrison, Calhoun and ^Marsh, Hamson 
and Pdcher (110), Herbst (121), Kaltieider and ^McCann, Peabody (215) and 
Sturgis (266), Sunonson and GkiUwitzer-jMeier (248) As a general rule the 
respirations are shallow but more rapid, thus resultmg m an mcreased minute 
yolume Dyspnea is not accounted for bj’^ "total lung yentilation,” smce nor- 
mal subjects are not dyspneic at the same respiratory rate (Engelhard, Harnson, 
Turley, Jones and Calhoun (112), Peabody, IVentworth and Barker) Further- 
more, normal subjects and patients show a wide range of pulmonari' yentilation 
durmg rest and exercise, so that normal A-alues and those of patients frequently 
oxerlap. Xeyertheless measurement of puhnonarj* yentilation is of yalue in 
heart disease Increase of puhnonai^* yentilation durmg exercise maj' be one of 
the earliest sjmiptoms of cardiac insufficiency, when oxj'gen consumption and 
efficiency arc still normal (Hamson and Pdcher (110), Zaeper, Habisch, Crane- 
fod and Wolf) Such mdiyiduals with only shghtl}’’ reduced workmg capacitj' 
are unable to attam a steady state of pulmonary yentilation at moderately heaiy 
work, demandmg an ox 3 -gen consumption of S50 cc per minute At this rate 
the pulmonary yentilation gradually mcreases to 50 to SO hters while m normal 
subjects the steady state is reached at 28 hters Therefore, m some cardiac 
cases pulmonary yentdation durmg exercise may be more mdicative of the 
patient’s condition than oxygen consumption, especialli* if the yentilation rate 
with mcreasmg load is mxestigated In cardiac patients lung yentilation m- 
creases with mcreasmg load more steeplj^ than does the oxj-gen consumption 
(Zaeper et al , Habisch) Accordmg to Kaltreider and McCarm’s curves, m- 
crease of lung ventdation with mcreasmg load (300 to 600 m-kilos with the 
bicj'cle ergometer) appears to be most pronounced m patients with pulmonary 
fibrosis, even more than m a group of cardiac patients With regard to absolute 
■ralues of lung ventdation at 300 m-kdo, highest values were those of cardiac 
patients, very close to that of patients with fibrosis, somevhat lower were the 
values of patients with emphj-sema and lowest the group of normal subject* 
When them 28 patients were dmded mto four groups (I normal, H dj'spnea on 
severe exertion, IH dyspnea on moderate exertion, TV dyspnea on slight e\er- 
tion), average values of the total ventdation mcreased accordmgh" However, 
there was considerable overlappmg, so that it appears that absolute total i enti 

lation or the quotient t°tel ymtileho u y,, p„p„rt.onal to the dest«= 

leiLiuu M sunace area 

of dyspnea 
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zation of respiration o-^geu depends on the relationship 


m the respiration air to measure utih 2 aTion, this is the most conrement proce- 
dure when workmg with an open curcrnt svstem as no extra calculation is nec- 
essaiT 

htilmauon of oxygen m respiration air depends on the relationship between 
puhnonan* xentilation and pulmonaiy blood flow and is influenced by all factors 
afi'ectmg passage of oxygen from alveoh to capiUanes Utilization is diminished 
by central hj'perpnea because the mcrease of pulmonary ventilation is not ac- 
compamed by an mcrease of blood flow Central hyperpnea at rest is a frequent 
reaction m sensitive and imtable subjects m such cases it has no pathological 
significance On the other hand, it is a rather regular feature m convalescents 
from infectious diseases (Simonson and GoUwitzer-Meier (250) Durmg exer- 
cise the tendency to central hyperpnea is suppressed by the chemical stimulation 
of the respiratoiy center Thus, m convalescents from infectious diseases the 
utilization of the respiration oxygen becomes normal durmg exercise 

Utilization of the respiration oxygen mcreases m most types of dimamic exer- 
cise, due to mcreased blood flow, mcreased oxygen capacity of the blood and 
the openmg of macnve lung alveoh and blood capillanes It may be mentioned 
that oxygen utilization of respiration an- has to be distmguished from utihzation 
of blood oxygen (arteno-venous difi'erence) as discussed m Chapter U' Ucdi- 

pulmonaiy blood flow 
pulmonary ventilation’ 

utilization of blood oxvgen depends on the relationship taetabohc rate 

penpheral blood flow 

Both expressions are to a certam degree reciprocal, a retardation of blood flow 
would dimmish utdization of respiration oxygen and mcrease utilization of blood 
oxj-gen This is the case m cardiac patients 
In cardiac patients utilization of respiration oxygen at rest is low (Herbst 
(121) Eppmger. Kisch and Schwarz (74), Ehippmg (160) Sunonson and Goll- 
witzer-!Meier (24S), Iiloncneff, Kaltreider and McCann), due to the dimmished 
speed of puhnonan- blood flow In cases with pulmonary congestion impair- 
ment of oxygen passage might be a contnbutmg factor Another important 
factor IS the shift of the oxygen dissociation cun-e of the blood which will be 
discussed later Durmg exercise the differences between normal subjects and 
patients with puhnonaiy or cardiac disease become still more distmct, many 
cardiac patients are not able to mcrease the utilization of respiration oxj-gen , and 
m many patients the utilization may even dimmish durmg work Similar re- 
sults have been obtamed by Herbst (121), Eppmger Esch and Schwarz (74), 
Simonson and GoUwitzer-ileier (24S), Hamson and Pilcher (110), Kaltreider 
and AIcCann, Aloncneff 

Increase of the ventilation equivalent durmg exercise may be the onli svmp- 
tom of cardiac msuEciency m patients with only shghtly diminished workms 
capacity (Zaeper et al (2841) In patients with pulmonary diseases the low 
utilization of oxygen m respiration anr is due to dmimution of the contact sur- 
face between alveoh and blood Such patients are able to mcrease blood flow 
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No Single circulatory, respiratoi^'' or metabolic function has been found, to 
which d3’^spnea could be consistenclj’’ related, and there is also no commcmg 
endence that cardiac dj'^spnea is due to chemical effects on the respiratory center 
(Christie) Christie and Hamson (106, 111) emphasize the importance of the 
nerrous factor m the production of dj'spnea We feel that anj’' approach to the 
development of methods for measurmg dyspnea thresholds must mclude a con- 
sideration of the central nervous S3^stem There is some evidence (Simonson 
(244)) that the subjective sensation of fatigue is brought about by a disturbance 
of the normal relationship betv een strength of voluntar3’- unpulses necessaiy to 
accomplish a certam amount of work and the external work In fatigue the 
strength of unpulses mcreases and the rate of work diminishes In a similar waj' 
d3*spnea nught be the result of the disturbance of the noimal relationship be- 
tween the strength of respuatoiy impulses necessaT3'^ to produce sufficient lung 
ventilation and the effect of lung ventilation (blood aeration) The disturbance 
IS due to a relative mcrease of nervous impulses necessary for the ventilation 
demand Disturbance of this relationship might occur m patients at the same 
ventilation rate as m normals if the same amount of lung ventilation is not 
sufficient to produce the same aeration This relationship is also disturbed 
when the patients have to ventilate more for the same amount of external work 
or of oxygen consumption The strength of mspuator3’' or expuator3'' impulses, 
necessai^"- for a certam effect of lung ventilation, ma3’’ be disturbed b3’’ action on 
the respirator^’- center, by reflexes from the lungs, by paralysis of respiratory 
muscles, by flxation of the chest, by the volume and speed of the blood flow, by 
the composition of the blood, etc 


D Utihzahon of Oxygen of Inspired Air 

Ventilation is subordinated to the transport of ox3’gen and carbon dio-ade, and 
therefore should be related to these functions or to the total metabohc rate m 
order to evaluate its physiological significance Simonson (239) attempted to 
do this with his “caloric ventilation quotient” (K V Q ) which represented the 


mmute volume of respiration per calones used For work and recover3’, an 
excess — V Q was calculated from the excess lung ventilation and excess en- 
erg3' expenditure This quotient is reciprocal to utilization of o-x3'gen m respu- 
ation air, it was found to be decreased (i e utilization mcreased) b3’ a penod of 
trainmg for several months (Simonson) and mcreased during chrome sulfur 
poisomng (Simonson and Richter) As energ3^ e-qienditure parallels 0x3 gen 
consumption, x*entiIation may be related also to ox3’-gen consumption The 


, , j j T. A mmute xmlume X 100 cimilar to the 

formula dexosed b3’ Anthony ^ ^ similar w 

oxygen consumption cc per mm 

K V Q and expresses the same function It has been used b3' Khippmg, ^lon- 
cneff, Kaltreider and AIcCann (160) Herbst (119) used as “utihzation co- 
efficient” the amount of 0x3 gen retained b3" the bod3' out of one hter of mspue 
au This is nothmg else than the oxygen deficit m the respiration air, ^ 
difference of the ox3-gen content between inspiration and expiration au, ^ 

for X olume Simonson and Gollxxitzer-jMeier (248) preferred the oxygen de ci 
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Ejuppuig and ^lonmeS found the ventilation eqmvalent increased (= unh- 
ration decreased during exercise) in four patients inth anemia The results m 
panents itith puhnonaia* tuberculosis vrere not uniionn Bneger found marked 
mcrease of pulmonary ventilation m more advanced cases of limg tuberculosis 
The less uniform results m these cases is obviously due to the ample pulmonary 
reserve (see Chapter 11 Boehmes results corroborated these findings m 
patients uith advanced sihcosis there uas a considerable mcrease of pulmonaiy 
ventilation exanuned m three types of work ^genufiexions stair chmbmg 
bicycle ergometer) while patients with moderate sihcosis often showed normal 
values Utilization is mcreased m bronchial asthma (Herbst (120)) due to de- 
crease of pulmonary ventilation while the circulation rate is about normal 
These results could be reproduced m normal subjects by mticduction of artifical 
bioucbostenosis In these condinons increased utilization of respiration oxygen 
IS the only way to obtam the necessary amount of oxygen at dunimsbed volume 
of respiration 

Accordmg to Prodger and Denmg lespuratoiy mmute volume is also exces- 
sively mcreased durmg work m patients with obestn- and similar observanons 
have been made m patients with myxedema by Bansi and Grosscurtb (16) 
These authors beheved that this is due to an impairment of the passage of oxj'gen 
through the alveoh It is known however that the speed of pulmonaiy blood 
Sow is dnmmshed m panents with myxedema (Blumgart et al (30)) so that it 
may be related also to a ctrcnlatory factor CO. concentration m respiration 
air shorts a similar mcrease durmg work and decrease durmg recovery as does 
0; deficit, although somewhat less pronounced (Sunonson and GoUwitzer- 
^leier (24S-2oO)) Therefore smular findmgs may he obtamed and have been 
obtamed m regard to CO; concentration cardiac patients are not able to concen- 
trate CO; m expiration and alveolar air as much as normal subjects do and this 
is especially pronounced durmg exercise and recovery (Campbell and Sale) 
Similar results have been obtamed m obese panents by Bansi Grosscurtb and 
ITeigel This is due to the same factors as dimmunon of oxygen utilization m 
respiranon air and addinonally to dnmnunon of blood CO; combuung power m 
cardiac patients (Eppmger iMsch and Schwarz (74), Schmitz and Preston fur- 
ther bibliography see -\ltschulel 

E Oxigc'i Soi iraiwn of Arfcrmf Blood 

-Artenal oxj'gen saturation at rest is about 94 per cent it mcreases shghtly 
durmg moderate exercise due to the dilatation oi pulmonara* capiUanes and the 
mcrease of acnve alveolar surface (Himwich and Barr) If the exercise is con- 
tinued to exhaustion ox\-gen saturation might dimmish Eppmger Laszlo and 
Schnrmeyer (75) found m cardiac patients at rest that the anenal oxagen 
saturanon is withm normal hniits or only shghtly decreased In patients with 
chrome puhnonarj- disease acme severe puhnonarj" edema or acute pneumoma 
there was a marked oecrease of arterial oxygen saturation but many patients 
with marked pulmonaiy congestion had normal artenal oxa'gen saturation 
-Although there is a general tendency to decreased artenal oxi-gen saturation m 
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during exercise, theiefore they are able to increase the utihzation of respiration 
oy 5 ’’gen during exercise as long as no cardiac decompensation is mvolved In 
pulmonary patients decrease m utihzation of ox 3 ’'gen m respiration air during 
work is apt to mdicate secondarj’- cardiac mvolvement 

Simonson and GoUwitzer-Meier (248-250) mvestigated oxj'^gen utihzation of 
respiration air thioughout the whole duration of exercise, comparing 40 normal 
subjects m 78 experiments with groups of patients with heart disease, hjper- 
tension, diabetes, exophthalmic goiter, and convalescents from mfluenza The 
exercise of genuflexions was subdivided m succeedmg periods of 20 seconds, the 
recoverj’’ m periods each of one minute Utilization mcreased at the twentieth 
second and reached a maximum at the end of the exercise In the begmnmg of 
work the blood flow is mcreased rapidly bj*^ the empt 5 Tng of blood depots and the 
favormg mfluence of movements on the venous mflow, while the chemical stim- 
ulation of respiration needs some tune to develop In the first recovery nunute 
utihzation of respuation oxj’-gen is as high as at the end of the exercise, then it 
drops rapidl 5 ’’ and is lover durmg the second and third recovery mmute than 
before the exercise During the fourth to tenth recoverj’^ mmute it is still some- 
what lower than before the restmg value, which is reached m the eleventh to the 
fourteenth recover^’’ minute 

Durmg the second and third recover mmute the venous inflow decreases 
rapidly after the cessation of movements, while the lung ventilation is high be- 
cause the chemical stimulation of the respuatorj’' center is as strong as it was 
durmg exercise and maybe greater, smce the blood lactic acid contmues to m- 
crease after exercise, it reaches the maximum m this type of work m the second 
to thud recoveiy mmute (GoUwitzer-Meier and Simonson (92)) This explams 
the dimmution of utihzation of oxj'^gen m respuation au durmg the earl 5 ’^ penod 
of recovei^'^ These authors found that the difference between normal subjects 
and cardiac patients is most pronounced durmg this period, although ox}"gen 
deficit m respuation au is lower m patients at any tune durmg work and recoi - 
erj’’ Oxj’^gen deficit, determmed durmg the earlj”^ phases of recover’’, is more 
decisive than the calculation of the ventilation eqmvalent or the average utib- 


zation for the whole period 

In patients with exophthalmic goiter utihzation of respuation oxj’^gen is the 
same and often higher than m normal subjects during rest as well as during 
exercise and recoverj’- (GoUwitzer-Meier and Simonson (94) , Khippmg and I\Ion- 
cneff), this can be explamed by the mcrease of the cuculation rate m such 
patients (see Chapter 1^0 In diabetes (249) the ox 5 'gen deficit may be low or 
mcreased, compared to normal values, durmg exercise and recover^' Two fac- 
tors are probably responsible, one actmg in the direction of mcreased utihzation, 
the other in the opposite direction The first factor is probabty the dimmished 
CO- production m diabetes Accordmgly, the chemical stimulation of the re- 
spiratorj^ center and the mcrease of pulmonarj' ventilation is less m diabetics 
The factor responsible for the decrease of the ox 3 'gen deficit m respiration air 
IS not clear, it is possible that this is an early s 3 mptom of secondarj' cardiac 
insufficiency, which is manifest m the more adi anced cases 
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mechanism to improve the oxi’gen supply to the tissues A characteristic fea- 
ture of heart disease is tissue anoxia, even though the arterial oxt'gen saturation 
is adequate "Vniile the shift of the ovi'gen dissociation curve to the nght im- 
proves the penpheral oi^gen supply, it makes o^'gen saturation m the lungs 
more difficult A higher oxj'gen tension m the alveoh is necessaiy to accom- 
phsh the same saturation This explains the htTierventilation m cardiac pa- 
tients, hr'perventilation produces a higher alveolar oxygen tension Therefore 
hyperventdanon m cardiac patients is a necessary compensatory mechanism 
(Erupping (156), Zaeper (2S3)) It is quite possible that artenal oxt’gen under- 
saturation in cardiac patients \nth acidosis is also due to the shift of the oxygen 
dissociation cun-e and not only to pulmonan- congestion The dissociation 
curve IS shifted to the left m advanced cases of pulmonary tuberculosis (Zaeper 
(2S3)) This favors the ease of oxj'gen saturation m the lungs, so that it must 
be regarded as a compensatory mechanism for respiraton* msufficiency which is 
the primary disturbance m these cases As long as there is no secondaiy cardiac 
insufficiency the oxj'gen demand of the tissues may be met by mcreased blood 
flow It can be seen that secondaiy anemia m puhnonaiy tuberculosis is a 
serious comphcation and wiH dimmish workmg capacity- It can only be com- 
pensated for by a greater circulatory performance The elevated pulse rate m 
this condition decreases when breathmg oxj-gen-nch air mixture On the other 
hand, mcrease of the Hb-content as a compensatory mechanism has been ob- 
served not only at high altitude, but also m emphysema, asthma, and tuberculo- 
sis Duimg muscular exercise the oxygen dissociation curve shifts to the nght 
in patients irith pulmonary insufficiency This means a disturbance of the 
compensatmg mechanism developed (shift to the left), so that the oxj-gen sat- 
uration m the lung is still more impaired This might explam the oxygen under- 
saturation of arterial blood, the excessive mcrease of pnlmonaix' ventilation and 
dx-spnea m these cases durmg exercise 

Accordmg to Kmppmg, shift of the oxj'gen dissociation cun e to the left m 
puhnonaij- msufficiencj* at rest is an mdication that the tissue oxj-gen supply is 
sufficient Hoxtever, if the artenal oxjgen under-saturation is too pronounced 
or the circulatory sj'stem not able to compensate for this, penpheral acidosis 
occurs, and the oxv gen dissociation curve shifts to the nght as m exercise This 
shift must be regarded as an unfai orable sign, indicative that the limit of ade- 
quate penpheral oxygen supply has been reached In pregnancy there is a 
shift of the oxj'gen dissociation curve to the nght and this shift is especiallj* 
pronounced durmg exercise This explains the hj'perventilation durmg exercise 
and the dj'spnea, which is not seldom observed m pregnancj' (Borgard and 
ESkemaim) 

Accordmg to Zondek and to Bansi (12) m exophthalmic goiter there is a 
shift of the oxygen dissociation curve to the nght at rest, as m normal subjects 
durmg exercise and tins shift is more pronounced durmg exercise as compared 
oath normal subjects On the other hand the oxygen dissociation curce is 
shifted to the left m patients with mj'xedema In patients with mj-xedema the 
left shift (meionectic) of the oxygen dissociation curx e can be changed to the 
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caidiac patients as shown b 3 ' numerous authors (bibhographj^ see Altschule), 
the dirmnution is not regular A more pronounced artenal under-saturation 
mdicates respirator}' insufficiencj'’, due to the dimmution of lung surface, im- 
pairment of mixin g or obstruction (an additional factor may be the shift of the 
oxj^gen dissociation cun’-e) In pulmonary diseases Eppmger, Eisch and 
Schwarz (/3) frequentlj' obsen'ed arterial hj'poxemia at rest and after exercise, 
m cardiac patients onlj’’ exceptionally Oxygen saturation of artenal blood may 
be undimmished m cases with x^ery sex^ere d 3 ’'spnea on exertion Harns and 
Lipkm obtamed the same results artenal oxj'gen saturation was the same be- 
fore and after exercise m normal subjects as well as m cardiac patients Him- 
xvich et al , (132) obserxmd m one diabetic patient after moderate exercise a de- 
crease and m another an mcrease of artenal oxj’^gen saturation In three 
patients xvith anemia oxj'gen saturation decreased after exercise In one patient 
xvith emphj'sema (resting x'alue 95 per cent) there was no change after exercise, 
and in another xvith the same high restmg x'alue a decrease, while m a third 
patient with a restmg x'alue of only 78 per cent there was a pronounced decrease 
durmg exercise In a patient xx'ith pulmonary tuberculosis exercise produced a 
considerable decrease A similar decrease of artenal oxj'gen saturation after 
exeicise was observed bj' Harrop m a patient xvith anemia and by Harrop, 
Heath and Schaub m three patients with polj'cj'therma x'era It is possible 
that the decrease is comparable m mechanism to that produced by exhaustwe 
exercise m normal subjects Himxvich (132) suggests that the pulmonary mech- 
amsm maj' be the hmitmg factor to exercise m different diseases As discussed 
m Chapter I only a verj' pronounced reduction of pulmonary function reduces 
the maximum oxygen mtake In patients xnth asthma and emphj'sema the 
impairment of workmg capacitj' was not dependent on either oxygen deficit 
or CO 2 excess m the blood, but onlj* on the subjective sensation of dyspnea 
(Storm van laeuwen and Larsen) Accordmg to Kmppmg (157), the determm- 
ation of artenal oxj'gen saturation is not a satisfactorj' method to rex'eal respua- 
torx' msufficiency the measurement of the difference of oxygen mtake durmg 
exercise xxhen breathmg atmosphenc an or oxj'gen-nch air mixtures is supenor 
(see Chapter I) 


F Oxygen Bissocmlion Curve of the Blood 

In normal subjects the oxj'gen dissociation curve shifts to the nght durmg 
exercise This shift favors the diffusion of oxygen from the hemoglobm mto 
the tissues, a greater amount of oxj'gen is hberated at the same oxj'gen tension 
In cardiac patients the dissociation curx'e is shifted to the nght at rest, and the 
«hift becomes more pronounced durmg exercise Similar findmgs hax'e been 
obtamed by Lexxis, Rj'ffel, YToIf, Cotton and Barcroft, Eppmger, Kisch and 
Schwarz (74), Elder, Kmppmg (156), Zaeper (283), Meakms, Dautreban e e 
al found the oxygen hemoglobm dissociation curves normal, but they used a 
verx' mild exercise The shift of the oxygen dissociation curx'e is due, at leas 
m far^-e part, to the mcreased blood lactic acid m cardiac patients Ihe sii ^ 
of the oxygen dissociation curx-e to the nght is an important compensa on 
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The matenal reviewed shows that there is a quantitative rather than a quah- 
tative difference of phj-siological processes m exercise m disease The limit to 
which they can be mcreased is depressed, and this hmit is reached more rapidly 
m disease This is due to the fact that many mechanisms mvolved m muscular 
exercise become compensaton* durmg rest m pathological conditions There- 
fore these mechanisms are no longer available to their full extent to meet the 
demands of exercise, consequently workmg capacitj* is reduced or, what is the 
same by defimtion, fatigabdity is mcrea':ed Xaturally, the impairment of va- 
rious functions as well as the mvolvement of compensatorj' mechanisms var\* m 
different diseases The patient, naturally, reahzes hisdumnishedworkmgcapac- 
ity as subjective fatigue This review attempts to show that fatigue and dis- 
ease are mtimateh* related This relationship explains why fatigue is the 
most common complamt m disease 
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nght (mesectic) b}' administration of thyroid preparations Therefore, Zondek 
beheves that the shift of the oxygen dissociation cun e is the essential and 
primary function of the thyroid hormone 

G The Respiratory Quotient 

The respirator 3 '' quotient (E, Q ) is about 10m the begin nin g of muscular 
exercise (HiU, Simonson (243)) mdicatmg exclusive carbohydrate combustion 
From this value it drops durmg exercise, parallel to fatigue and the exhaustion 
of carboh 3 ’^drate resen-es (Zuntz, Dung, Furusaxm, Simonson) After pi enous 
fat diet, fatigue and drop of the R Q are much more pronounced than after 
previous carbohydrate diet (Furusaxm, Christensen, Erogh and Lmdhard) 

In diabetes the R Q is loirer than normal m the restmg condition Inabihty 
to use carboh 3 ’'drates, however, is much more pronounced durmg exercise Pa- 
tients with moderate diabetes are able to mcrease carbohydrate combustion 
durmg exercise, but the excess metabolism is much more due to fat than to 
carbohj-’drate combustion (Grafe and Salomon) Accordmg to Richardson and 
Lexone, the failure to mcrease the R Q (i e the proportion of carbohydrates 
used) durmg exercise reflects the senousness of the disease In Hetzel and 
Long’s experiments the R Q of three diabetic patients (who were obnously still 
m good condition as judged b 3 ’' their considerable athletic performances) was 
0 99 m exercise of short duration after admmistration of insuhn, while it was 

0 80 without msuhn But ex'en after insuhn the R Q dropped much earher 
durmg the exercise The patients with diabetes behaved smularl 3 " to normals 
after a fat diet, but the drop of the R Q was more pronounced m the patients 
Alberts and Dietnch found that the R Q = 0 95 m normal subjects m moder- 
ately heavy work with the bic 3 'cle ergometer (6,000 m-kilos wathm ten mmutes), 
it was 0 91m the ax'erage of ten diabetics without acidosis The elex en patients 
m Simonson and GoUxntzer-Meier’s (249) experiments were more adx'anced 
than those used b 3 ’^ Hetzel and Long The experiments were performed after 
msuhn Durmg the short exercise of one mmute duration the e\cess-R Q was 

1 0 m 80 per cent of 46 normal subjects and m only half of the diabetic patients 
This corroborates Hetzel and Long’s findmgs that some diabetic patients are 
able to use carboh3’^drat€3 after msuhn m normal proportion But half of the 
gioup were not able to do so, exmn after msulm, and the dimmution of the ex- 
cess-R Q was quite considerable As low x'alues (the lowest xvas 0 64) xxere 
obserx'ed after this x'eiy short exercise as m normal subjects after exhaustixe 
exercises performed for many hours It may be mentioned that Canzanelh and 
Kozado 3 ’^ found the same low R Q durmg rest and exercise (ax'erage = 071) 
m depancreatized dogs 

Sunonson and Gollxvitzer-Meier (250) found in two of eight conx alescents 
from influenza an excess-R Q of 0 65 and 0 61, mdicatmg a xer 3 low lex el of 
carboh 3 'drate reserx-es There are some mdications of a reduction of carbohy- 
drate reserx es in heart disease m the ex-penments of Alt, Walker and Smit 
A decrease of the carbohydrate reserx-es m cardiac patients could easilx be ex- 
plamed b3^ the mcreased lactic acid formation and excretion 
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COXCLESIOX 

The maten'il renewed shows that there is a quanntatiTe rather than a quah- 
tative difference of physiological processes in exercise m disease The hinit to 
which they can be increased is depressed and this limit is reached more rapidly 
m disease This is due to the fact that many mechanisms mvolved m muscular 
exercise become compensatoiy durmg rest m pathological condinons There- 
fore these mechanisms are no longer available to their full extent to meet the 
demands of exercise consequently workmg capacity is reduced or, what is the 
same by definition fatigabihty is increased Xaturally the impairment of va- 
rious functions as well as the mvolvement of compensatory mechanisms vary m 
different diseases The patient naturally realizes hisdunmishedworkmgcapac- 
ity as subjective fatigue This review attempts to show that fatigue and dis- 
ease are mtimately related This relationship explains why fatigue is the 
most common complaint m disease 

BIBLIOGRAPHr 

1 AcssHiiAXX, R. Aenderuncea der He—crosse, der Pnls- und Atemfrequen' iind des 

Blutdrucks nach Maxuaaler Anstrengung bam Laufen Zeitscbr Elm Mea , 
103- SOO (1936) 

2 Agostixi, De P Orthodiagrapbiscbe und radiograpbiscbe Untersucbungen uber die 

Gross enaaderangen des Herzens m Benebung ru Anstrengungen Zeitschr f 
esper Pa-aol u Ther , 7 : 159 (1909-10) 

3 Aisravs J J , axd Detsich S Oekonomie der Muskelaroeit und Intermeiiarer 

S'ocwecbsel El.n tVochenscbr 16 373 (1937) 

■= Aunax D , Snroxsov, E StEsrxj., S axd Tctejewitsch L Die RoUe der Lungen 
bei der MilchsaarebeseitiErung nacb Koroerlicber Arbeit Pflug Arcb , 235 554 
(1935) 

5 Alt H L , tVAisns J L , axu Smtth tV C Tne Cardiac Output m Heart Disease 

ESect oi Exercise m the Circulation m Patients with Chronic Rheumatic Valvular 
Disease, Subacute Rheumanc Fever and Complete Heart B'ock Arch Intern 
Med , 45 9^ (1930) 

6 Altscsct-E M S The Pathological Pnysiology oi Chronic Cardiac Decompensa- 

tion Mecucme 17 75 (.I93S) 

7 Avteoxt a j Entersuchungen uber Eungenvolumina und Lungenventdation 

Dentsch Arch Klin Meu , 167. 129 (1930) 

S Amns E Koroer und Arbeit, Leipng (Thieme) (1927) 

9 kTZT.rp. E \rbeitsphvsiologie I Erg d Phyaol , 40 o25 (193S) 

10 Atzm? E \roeitsphvsiologie U Erg d Pnvsiol 41- 104 (lOoQ) 

11 BitxBniDGr, F A The Phys^ologv of Muscular Exercise London (1931) 

12 Baxsi H W AroeitsstoSwechsel und Kxeislauf Dei endoknnen Erkrankungen 

Dtscn rued Wchnschrit 53 347-350 (1929) 

13 B txsi H W Herr und Kreislauf Dei Basedow und Hmieriunktion ae” Scnilddruse 

rolt inn Meu , p 522 (1932) 

14 Bjlxsi H VT Axn Geossccfth G Funkuonsprufung des Kreislaufs dutch Messung 

aer Herraroeit Klin Wschr 9 1902 (1930) 

15 BiXsi H W AXD Gfossctpte G KreisIauSunktioasprufung oei Herrkranken 

Dtscn med Wschr , 57 1276 (1931) 

16 Bansi H W VXD Gsossctpth, G Die Kreislaufieistung bei Basedow und 

Mvxoedetn Zeitscnr KUn Med , 116 oS3 (1931) 

17 Baxsi H W , Ghosscctte G , AXn Wsigel, H Ziir Frage de* Kurratmigkeit bei 

Fe'tsucnagen und AsthemLem Klin Wschr , 8 140 ^ (IP^i) 



408 


ERXST SIMOXSOX AXD XORBERT EXZER 


18 BumiXGKR, T B The Circulatory Reaction to Graduated Work as a Test of the 

Heart’s Functional Capacity Arch Int Aled , 17 363 (1916) 

19 Barringer, T B Studies of the Heart’s Functional Capacity Arch Int Sled 

20 SS9 (1917) 

20 Bareinger, T B E-sercise Tolerance in Heart Disease J A SI A , 73 2205 (1922) 

21 B uiRiNGER, T B , AND Teschner, G The Treatment of Cardiac InsufEciencj bj a 

New Slethod of E\ercise with Dumbbells and Bars Arch Int Sled , 16 795 (1916) 

22 Beddard, a P , AND PEiiBRET, SI S Obscn'ation on Pulmonarj Ventilation m 

Disease Bnt Sled Joum , 2 580 (1908) 

23 Benson, 0 0 The Effect of Decreased Barometric Pressure on the Electrocardio- 

gram Journ of Aviat Sled , 11 67 (1940) 

24 Benhamon, E , Jude, and SIaechioni La spldnocontraction a I’effort chez I’honune 

normal Compt rend Soc Biol Pans, 100 456 (1929) 

25 Bierring, E , Larsen, K , and Nielsen, E Some Cases of Slow Pulse Associated 

with Electrocardiographic Changes in Cardiac Patients after Sla-amal Work on 
the Krogh Ergometer Am Heart, 11 416 (1936) 

26 Binet, L , Aubel, E , and SLasquis, SI Action du poumon sur les acides gras lola- 

tds du sang circulant Comp rend Soc de Biol , 109 2, 1169 (1932) 

27 Binet, L , Aubel, E , and SLarquis, SI La combustion des graisses au mi eau du 

poumon Ibid , 112 540 (1933) 

27a Bohr, C Tiber die speciffsche Tatigkeit der Lungen bei der respiratonschen Gasauf- 
nahme und ihr Verhalten zu der durch die Alveolarwand stattfindenden Gasdiffu- 
sion Skand Arch f Physiol , 22 221 (1909) 

28 Blumenthal, B Practical Application of Sletabolic Evercise Tolerance Test for 

Treatment of Heart Disease American Heart Journal, 12 736 (1936) 

29 Blumgart, H L , and Weiss, S Studies on the Velocity of Blood Flow V The 

Physiological and Pathological Sigmficance of the Velocity of Blood Flow J 
Chn Invest , 4 199 (1927) 

30 Blumgart, H L , Gabgill, S L , and Gilligan, D R Studies on the T’^elocitj of 

Blood Flow NTS'' The Circulation in Slyvedema with a Companson of the 
T’elocity of Blood Flow in Sl 3 'xedema and ThjTotovicosis J Clin Invest , 9 
91 (1931) 

31 Boehme, a Der Einfluss Korperlicher Arbeit auf das SLnuten Volumen der At- 

mung beim Gesunden und Silikosekranken Arch Gewerbepathol , 9 22 (193S) 

32 Boothbt, W si A Determination of the Circulation Rate in Sian at Rest and at 

Work Amer Journ Ph 3 ’Siol , 37 383 (1915) 

33 Boothbt, W SI , Bucklet, O B and Wilhelmt, C SI The Influence of Work on 

the Calongenic Action of ThyroxiDe J Physiol , 74 376 (1932) 

34 Boothbt, W SI , and Rtne arson, E H Increase in Circulation Rate Produced by 

Evophthalmic Goiter Compared with that Produced b 3 Normal Subjects b 3 V orJ. 
Arch of Intern Sled , 66 547 (1935) 

35 Boothbt, W SI , and Sandiford, J The Total and the Nitrogenous Sletabolism 

in E\ophthalmic Goiter J A SI A , 81 795 (1923) 

36 Borgard.W Beitrag zur Funktionsprufung von Herz und Kreislauf KlinVschr, 


37 

38 

39 

40 


Borgard, W , AND Efekemann, G Atmung und Sauerstoffbmdungskun e des Rlutea 
wahrend der Schvangerschaft Arch G 3 nakol, 167 397 (193S) 

Bornstein, a Eine Slethode zur i ergleichenden Slessung des Herzschlagvolumens 
beim Slenschen Pflugers Arch Ph 3 siol , 132 307 (1910) 

Bbieger, E Zur Physiologic und Pathologic der Arbeit beim Phthisiker e 
Klin , ’lS19-lS22 (1928) 

Bboemser, P Llier die ph3 sikalische Slessung des Schl_agA olumens und de> uiui 
druckes am Slenschen Ber ges Physiol , 96 666 (1937) 



irUSCtTLAB ESEBCISE AXD FATIGCE IX DISEASE 


409 


41 Beoemseb, P , AXD Raxse, 0 F. tJber die Messung des Schlagvolumens des Herzens 

auf unblutigem Weg Zeitschr Biol , 90 467 (1930) 

42 BBrcH, H Gasirechseluntersuclivmgen uber die Erholung nacb Arbeit bei emigen 

gesunden und tranken Tvindem Jabrb Enderbeilk , 121* 7 (192S) 

43 Bbcxs, 0 , AXD RoEiiEB, G A Der Einfluss angestrengter Korperbcher Arbeit auf 

radiographische Herzgrosse, Blutdmck und Puls Zeitschr Klin ^led , 94 22 
(1922) 

44 BuDEtAiAX G Untersucbungen fiber den Tenendruck, die Titalkapazitat der Lunge 

und des Minutenvoluinens des Herzens bei Gesunden und Herzkranken m Ruhe 
und bei Kreislaufbelastung Zeitschr Klui Med , 127 15 (1934) 

43 BinaGER, M “Blutkreislauf” in Kormale und Pathologische Physiologie der Leibe- 
subungen J A Barth, Leipzig (1933) 

46 Buriveia, C S , axd BLAioCK, A Chronic Constnctire Pencarditis J A M A , 

110 265 (193S) 

47 Campbell, J M H , axd Potjltox, E P The Efiect of Exercise on the Puhnonarv 

Tentilation and Rate and Depth of Breathing in Chronic Bronchitis Quart 
Joum iled , 20 27 (1926) 

45 Campbell, J M H , axd Poultox, E P The Effect of Exercise on the Respiratory 

Exchange in Chronic Bronchitis II Ibid , 20 405 (1926) 

49 Campbell, J M H axd Sale, F J Effect of Exercise on Respiratory Exchange 

m Heart Disease Arch Intem Med , 40 237 (1927) 

50 Campbell, ^I The Respiratory Exchange During Exercise in Heart Disease III 

Quart Joum Med , 3 369 (1934) 

51 Caxzaxelli, a , AXD Kozodot, M The Respiratory Quotient of Exercise and Re- 

covery in the Depancreatized Dog 14 Intem Congr Physiol , 1932 46 

52 Chole, j Ueber die Vergleichende Bestiinmung des Schlagvolumens, der BlutstrS- 

mungsgeschmndigkeit und der Blutmenge bei Dekompensation Med Z vseukr 
Akad Kauk , 6 131 (1936) 

53 Christexsex, E H Beitrage zur Physiologie schverer Lorperhcher Arbeit T 

iEnuten Volumen und Schlagvolumen des Herzens ivahrend schiverer korperbcher 
Arbeit Arb physiol , 4 470 (1931) 

54 Ceeistexsex, E H , Keogh, A , axd Lexdhard, J Untersucbungen fiber schivere 

Muskelarbeit Quart Bull Health Organis League of Kations, 3 3SS (1934) 

55 Christie, R T Dyspnea Quarterly J of Med , 7 421 (193S) 

56 Crxo, I A R Comportanento alia sforzo del polso del respiro, della pressiona arten- 

osa, della velocita di circolo e della pressione venosa Pol Med Kapob, 25 139 
(1939) 

57 CoTTox, T F Mitral Stenosis in Soldiers Bnt M J , 2 S40 (1919) 

5S CoTTOx, T F Observations on Aortic Disease in Soldiers Lancet, 2 470 (1919) 

59 CoTTOx, T F , Rappobt, D H , axd Lewis, T After-Effects of Exercise on Pulse 

Rate and Systobc Blood Pressure in Cases of “Irritable Heart ” Heart Joum 
6 269 (1917) 

60 CuLLEX, G , Habeisox, T R , Calhoex j A , Milkixs, W E , ^.xn Tims, M M 

Studies in Congestive Heart Failure XIII The Relation of Dyspnea of Exer- 
tion to the Oxvgen Saturation and Acid Base Condition of the Blood Joum Clin 
Invest , 10 S07 (1931) 

61 Dexxig H , AXD Prodger, S H Herzkranke bei Arbeit Dtsch Arch Khn Med , 

176 170 (1930) 

62 Dietlex, H , AXD Moritz, F Ueber das Verhalten des Herzens nacb langdauemdem 

und anstrengendem Radfahren Munch Med Wochenschr , 65 4S9 (190S) 

63 Dill, D B The Economv of Muscular Exercise Physiol Rev , 16 263 (1939) 

64 Dill, D B, Bock, A V,Edwi.kds,H T , axd Kexxedt, P H Industrial Fatigue 

J of Industr Hig . 18 417 (1936) 



410 


ERXST srwoxsox AXD XORBEET EXZER 


65 DoKAii, J S , Je , Gamble, C J jAndShate, E The Cardiac Output m Man 4m J 

Physiol , 109 666 (1934) 

66 Dbastich, L , Adams, IT E , Hastings, A B , and CoMPiEE, C L The Effect of 

Exercise on the Acid Base Balance and Oxygen of the Blood Following Atelectasis 
and Pneumectomy Joum Thorac Surg , 3 341 (1934) 

67 Dcbig, a Beitrage zur Physiologie des Menschen un Hochgebirge II Pfl , 112 

213 (1906), m ibid, p 341 

68 Engelhabd, a Her Wert der Spirometne fur die Klimt- der Herzkrankheiten mit 

liUngenstauung und ihr Ausbau zu einer Funktionsprufung Dtsch Arch Khn 
Med , 166 1 (1927) 

69 Eppingee, H Pathologie der Gefassarbeit Arch Exp Pathol u Phannak , 138 

50 (1928) 

<0 Eppingee, H Die Bedeutung der Blutdepots fur die Pathologie Kim Wschr , 
12 5 (1933) 

71 Eppingee, H , and Hinsbesg, K Tiber die !M6ghchkeit einer Penpheren Behand- 

lung von Herzkrahken Klin Wschr , 7 2284 (1928) 

72 Eppingee, H , Eisch, F , and Schivaez, H Arbeit und Kreislauf Khn 

Wchnschrft , 4 1101 (1925) 

73 Eppingee, H , Kisch, F , and Schwahz, H Der Emfluss Korperhcher Arbeit auf 

die Sauerstoffsattigung und auf die aktuelle Reabbon des Artenenblutes bei Herz- 
kranken Klin Wchnschrft , 6 1316 (1926) 

74 Eppingee, H , Kisch, F , and Schwabz, H Das Versagen des Kreislaufs Spnnger, 

Berhn (1927) 

75 Eppingee, H , Laszlo, D , and Scetcbmeteb, A l/ber die Jfutmasshchen Ursachen 

der Unokonomie un Herzfehlerorganismus Klin Wchnschrft , 7 2231 (1928) 

76 Ebnst, C Erfahrungen uber die Verwendbarkeit des Acetylens zur Bestimmung 

des Zirkulatonschen Minutenvoluinens Zeitschr f ges exp Med , 81 62 (1932) 

77 Ehnst, C Beitrag zur Frage der StromungsgeschwTndigkeit in der Kreislaufdekom- 

pensation Ibid , 81 68 (1932) 

78 Ewug, W tjber den toten Punbt bei korperhcher Anstrengung Zbl inn Med , 

1935 593 

79 EmG, W , AND Hinsberg, K Ejeislaufstudien II Xeue Methode zur Bestim- 

mung des Herzminutenvolumens Zeitschr Klin !Med , 116 693 (1930-31) 

SO Fahb, G , Wangenstein, O , and Speeding, S Effect of Exercise on the Size of 
Heart in Kormal and Pencardiotomized Dogs Proc Soc exp Biof and Med , 
27. 454 (1930) 

81 Fidee, a Recherches sur I'lnsufficience chromque du Systeme Cardiovasculaire 

TTT La Courbe Dissociation de l’oxyg4ne dans le sang Joum Physiol et Path 
gen , 31 957 (1932) 

82 Ftjdleeton, C W , and Habeop, G A , Jk The Cardiac Output in Hyperthyroidism 

Bull Johns Hopkins Hospital, 46 203 (1930) 

S3 Febeeava, K Muscular Exercise, Lactic Acid, and the Supply and Utilization of 
Oxygen LX Muscular .kctiTity and Carbohydrate Metabolism in the Kormal 
Inividual Proc Roj Soc London B , 98 65 (1925/26) 

84 Gesell, R , Beenthal, T , Gobh-am, G , and Keeegee, H Simultaneous Observa- 
tions on Expired Oxygen and Carbon Dioxide, Blood Aaditv, Blood Flow, Blood 
Pressure, Carbondioxide Capacity and Lactic Acid Content of the Blood xnth 
Relation to Pulmonary Ventilation 4m Joum Phj-siol , 85 374 (192S) 

So Gessleb, H Zur Entstehung der Fettsucht Dtsch .4rch Klin Med , 167 46 


86 Gessdeb, H Die Okonomie der Menschlichen Muskelarbeit II Die Okononuc bei 

Fettsucht Dtsch .4rch Kbn Med , 157 36 (1927) 

87 Gilbeae W , Mabzahn, H , anb Zaepep, G Klimsche Untersuchungen ® 

Funk-tion von .4tmung und Kreislauf bei Herz- und Lungenkranken Zeitschr Jvim 
Med , 129 254 (1935) 



ilUSCTLAE ESEBCISE AXD FATIGEE IX DISEASE 


411 


SS Gucheist, A R The Eaects of Bodilr Rest, Muscular Activity and Induced 
Pyrexia on the Ventncular Rate in Complete Heart Block Quart Joum ATed , 
3* SSI (1931) 

S9 (jorLtvrrzxH-MEira, E Ueber den Einfinss der Sauerstohatmung auf die Ereislauf- 
penphene Zentralbl inn Aled , 5 271 (1930) 

90 GoiiVTiTZEE-MnisB, K Tenose Ruckflussregtiherung und Tasomotorenfunktion 

unter deni Einfluss der Kohlensaure Zeitachr f d ges exp Med , 69. 377 (1930) 

91 GotLTvrrzEB-AlEiES, E Die Energetik des Saugetierhercens Elm 'VTochenschx , 

18 225 (1939) 

92 Goi x vr irzE B-MuTEB, E axd Smoxsox, E ETier Milchsanreheseingung und Sauer- 

stonverbrauch nach korperhcher Arbeit Ebn Mschrft , 8 1445 (1929) 

93 GoiivrrrrEB-MiuEB, E , axd Sixtoxsox, E Eeber den Ruhe- und Arbeitsumsatr 

bei arteneUer Hypertome Zeitschr f exp Med , 71 353 (1930) 

94 GouAVtTZEB-MmnB, E , axd Smoxsox, E Ueber den Arbeitsumsatr bei Basedovr 

Z-eitschr i ges exp Med , 75 317 (1931) 

95 Gohdox B Effect of Effort on Sixe of Heart, Observanons on Animals and Mara- 

thon Runners Amer Joum Roentgen , 14- 424 (1925) 

96 GoTTHEmEB, T , AXD Eost, R Rontgen Eanematographische TJntersuchungen der 

Brustorgane trahrend der Arbeit 14 Intern Physiol Congr Rom (1932) 

97 Geafe, E , AXD Saloxiox, H tjber den Einfiuss der Aluskelarbeit auf die Intensitat 

der Zuckerverbrennnng beim Diabetiker Arch Elm Med , 139 369 (1922) 

9S GsAtrpxxB. Funktionelle Bestimmung der Leistungsfahigkeit des Herzmuskels und 
deren Bedeutnng fur die Diagnosak der Hercfcrankheiten Dtsch Med 
Mchnschrft 32 102S (1906) 

99 Gpouaiax, a The Cardiac Output of Man m Health and Disease Springfield and 
Baltimore (1932) 

100 Geossccete, G axd Baxsi, H W Das Terhalten des Ereislaufs bei Eorperhcher 

Arbeit Elm Mschr , U- 2022 (1932) 

101 Geossccpth, G , AXD Baxsi, H W Der Ereislauf bei Schvrerer Eorperhcher Arbeit 

und seme Beemflussbarkeit dutch Ereislaiifmittel Arch Exp Pathol u 
Phaimak , 169 313 (1933) 

102 Habisch, H Ueber die Arbeitsatmung und die Beurteilung des Ereislaufs aus der 

Arbeitsatmung Zbl inn Med , 1939 97 

103 HAxm.Tox, W F , Mooee, J IV , Eixsiiax, J M , axd Spaeuxg, R G Studies m 

the Circulation IT Further Analysis of the Injection Method and of Changes 
m Hemodynamics under Phvsiological and Pathological Conditions Am J 
Phvsiol , M 534 (1932) 

104 Haxsex, E Ereislauf und Atmung bei Eorperhcher Arbeit Btndb d norm u 

pathol Phvsiol , XV 904, Springer, Berlm (1931) 

105 Haebis, I , AXD Ltpsix, I J Cardiac Output and Oxygen Unhcation m Some Typss 

of Heart Disease Edmbuigh Aled Joum 38 501 (1931) 

1(^ Haeeisox, T R Artenal and Venous Pressure Factors m Circulatory Failure 
Phj^ol Rev , 18 S6 (193S) 

107 Haeeisox, T R , Fbiedxlix, B , Claes, G , axd Resxis, H The Cardiac Output 
m Relation to Cardiac Failure Arch Int ^led , 54 239 (1934) 
lOS Haeeisox, T R , Habeisox, IV G , Calhoux, J A , axd ILvesh, J P Congestive 
Heart Failure XVII The Mechamsm of Dyspnea on Exertion Arch Intern 
Med , 60 640 (1932) 

109 Haeeisox, T R , axd Puchee, C Studies m Congestive Heart Failure I Effect 

of Edema on Owgen Utilization Joum Clm Invest , 8 259 (1930) 

110 Haeeison, T R , AXD PiLCHEB, C Studies m Cougestive Heart Failure The 

Respirator! Exchange During and After Exercise Joum Clm Invest , 8 291 
(1050) 

111 Haeeisox T R , Puchee, C , ixn IVitsox, C P The Regulation of Circulation 

I'm The Relative Importance of Xervous, Endocrine and Vasculary Regulation 



412 


ERXST snioxsox -i-XD X'ORBERT EXZER 


in the Response of the Cardiac Output to Anoxemia Amer Joum Phvsiol , 83 
284 (1927) 

112 Habrisoi^, T R , Txjrlet, P , Jones, E , and Caehotot, J A Congestive Heart 

Failure X The ^leasurement of Ventilation as a Test of Cardiac Function 
Arch Intern IMed , 48 377 (1931) 

113 Har rop, G A , Jr The Oxj’gen and Carbon Dioxide Content of Arterial and of 

^ enous Blood in Xonnal Individuals and in Patients with Anemia and Heart Dis 
ease J Exp hied , 30 241 (1919) 

114 Harrop, G A , Heath, E H , and Schatjb, B M The Flow of Oxj gen through the 

Pulmonary Epithelium J Clin Invest , 4 53 (1927) 

115 Hatasara, E , AND Inawashiro, R Studies on the Effect of hluscular Exercise in 

Benben III The Oxjgen Debt, Oxygen Requirement and the Changes m R Q , 
Respiration Volume, and CO; Output through hluscular Exercise Tohoka Joum 
Exp hied , 14 53 (1929) 

116 Hebestreit, H Untersuchungen uber den Verlauf der Erholung Pflug Arch 

Phjsiol , 222 738 (1930) 

117 Hebestreit, H Quoted from Simonson, 1213 

118 Heilslann, P Dtscb hlibtararzt, 9 402 (1938) Quoted from Johl and Melzer 

119 Hehbst, R Der Gasstoffwechsel als hlass der korperhchen Leistungsfaehigkeit 

I Die Bestimmung des Sauerstoftanfnabmevermogens beim Gesunden Dtsch 
Arch Khn hied , 162 33-50 (1928) 

120 Herbst, R ITntersuchungen beim Emphysem, chromscher Bronchitis und Asthma 

Bronchiale Ibid , 162 I29-I43 (1928) 

121 Herbst, R Untersuohungen an Herzkranken Ibid , 162 257-279 (1928) 

122 Herbst, R Ueber das Verhalten von Gasstofin echsel und Kreislauf nach korper- 

bcher Arbeit Arb Physiol , 9 220 (1936) 

123 Hermannsen, J Untersuchungen fiber die maxunale Ventilationsgrosse (Atemgrenz- 

wert) Zeitschr f ges exp hied , 90 130 G933) 

124 HERSLANTfSEN, J Die Ergometnsche hlethode als Funktions-Pnifung fur Herz und 

Lunge Beitr Klin Tuberkul , 92 395-412 (1938) 

125 Heksheuier, H Grundnss der Sportmedizin Leipzig, 1932 (Thieme) 

126 HEKSHEniEB, H , AND Kost, R Untersuchungen fiber den Arbeitssauerstoffver- 

brauch beimBasedowkranken Z Klin hied, 110 37—43(1929) 

127 Hetzee, K S hluscular Exercise m Diabetes hlellitus Bnt hied Joum Nr 3342 

102 (1925) 

128 Hetzel, K S , AND Long, C N H The hletabohsm of the Diabetic Individual Dur 

mg and After Exercise Proc of the Roj Soc Biol B , 99 279 (1926) 

129 Hewiett, A TV, B ARNETT, G D, AND Lewis, J K The Effect of Breathing Oxjgen 

Enriched Air Dunng Exercise Upon Pulmonarj Ventilation and Upon the Lactic 
Acid Content of Blood and Unne Joum Clin Ini est , 3 317 (1926) 

130 Hill, A V , Long, C N H , and Lepton, H hluscular Exercise, Lactic Acid, and 

the Supplj and Utilization of Ovj'gen Proc Roj Soc London B , 96 438, 96 455, 
97 84,97 155 (1923/24) 

131 Himwich, H E,andBabr, D P Studies in the Phj siology of Exercise V Orjgen 

Relationships in the Arterial Blood J Biol Chem , 67 363 (1923) 

132 Himwich, H E , and Loebel, R 0 The Oxjgen Saturation of Hemoglobin in the 

Arterial Blood of Exercising Patients J Chn In\est,6 113 (1928) 

133 Hinsberg, K VersucheueberdieTVirkungionKohlensaurebadem auf den Arbeifs- 

stoffwechsel von Herzkranken Klin V chnschrft , 1 156-157 (1930) 

lS3a Hochreen, hi , ANT) Keller, C J Beitrage zur Blutzirkulation im kleinen reis- 
lauf I Der Einfluss mechamscher Vorgange auf die mittlere Durchblutung un 
die Depotfunktion der Lunge II Ueber die Bemfiussung der mittlcrcn Durcb- 
blutung und dcr Blutffillung der Lunge durch pharmakologische hlittel Iren 
exp Pathol u Pharmakol , 164 529, 552 (1932) 



MXrSCULAE EXERCISE AXD FATIGUE IX DISEASE 


413 


134 Hoitmas, a Verb d 20 Eongr f um iled , 1902 SOS, quoted irom Ldjestrand, 

Lvsholin and Xybn 

135 HrETADO, A , axd Feat, W W Studies of Total Pulmonary Capacity and its Sub- 

divisions II Correlation mth Physical and Radiological ileasurements Joum 
Cbn Invest 12 507 (1933) 

136 Huetado, a , Eaateeides, X L , Feat, W W , Brooks, W D W axd McCaxk, 

TV S Observations on Cases of Obstructive Pulmonary Emphysema J Clin 
Invest , 13 1027 (1934) 

137 HrsTADo, A , KAlteeideb, X L , Feat, TV TV , Brooks, TV D TV , axd McCaxv, 

TV S TTn Observations on Pulmonary Fibrosis J Cbn Invest , 14 SI (1935) 

13S Jahx, D Sauerstoffverbrauch nach der korperlichen Arbeit Klin TVscbrft , 9 1757 
(1930) 

139 JoKL, E Zusammenbruche beim Sport TVien,1936 

140 JoKL, E , AXD Mei-zer, L Acute Fatal Xon-Traumatic Collapse durmg Work and 

Sport S African J Tied Sci , 6 4 (1940) 

141 Joke, E , AXD Sezaiax,TI M Aortic Regurgitation and Mitral Stenosis m a Marathon 

Runner J A TI A , 114 467 (1940) ~ 

142 Jexdell, F , AXD Sjogrex, T Xord med ark 45, Xo 3, 1912, quoted from laljes- 

trand, Lysholm and Xjbn 

143 Kaelstobf, a Das Volumen des Herzens unter dem Einfluss koperbcher Arbeit 

Verb Physik Med ges Wurzburg, X F 66 103 (1931) 

144 Kaeestokf, a Mogbcbkeiten und Ergebmsse rontgenologischer Herzvolumbestim- 

mung Kbn Wchnscbrft , 17 223 (193S) 

145 Eaelstorf, a axd Cde, H Die Anderungen von Herzvolumen und Soblagvolumen 

nach korperbcher Arbeit Zeitscbr Kbn Med , 125 So (1933) 

146 Kaetreider, X L , axd McCaxx, W S Respiratory Response during Exercise in 

Pulmonary Fibrosis and Emphysema Joum Cbn Invest , 14- SI (1935) 

147 Kaetreideb, X L , axd Mexeeet, G R The Effect of Exercise on the Volume of 

Blood Joum Cbn Invest , 19 627 (1940) 

14S Kapeexova, D Der Einfluss Physischer Arbeit auf die Herzgrosse Fortschr Ront- 
genstr , 40 S16 (1939) 

149 Katz, L X , axd Laxdt, H Tbe Effect of Standardized Exercise on the Four Lead 

Electrocardiogram Amer Joum of Med Sc , 189 346 (1935) 

150 Katz, L X , Ltxdx'eb, E , tXD Laxdt, H On tbe Xature of tbe Substance Producing 

Pam m Contracting Skeletal TIuscle Its Bearing on the Problems of Angina Pec- 
tons and Intermittent Claudication J Cbn Invest , 14 507 (1935) 

151 KatZjL X ,SosKix,S ,ScHrTZ,W J , Ackeraiax, W , axd Peaet, J L ATIetabobc 

Exercise Tolerance Test for Patients with Cardiac Disease A Feasible Method for 
Esmg the Excess Oxygen Consumption and the Recovery Time of Exercise as Cn- 
tena of the Cardiac Status Arch Intern Med , 63 710 (1934) 

152 ExexbOck, R , Selig, A , axd Beck, R Untersuchungen an Schwimmem Tliinch 

Med Wschr , 64 1427 (1907) 

153 Kisch, F Arbeitsstoffwechsel bei Basedow Kbn Wchnscbrft ,6 697-700(1926) 

154 KxtppixG,H W Eeber die Anoxaemia Kbn Wchnscbrft ,13 721(1934) 

155 Kxtppixg, H W Eeber eimge Chemische Emsetzungen in der Lunge, insbesondere 

bei Herzkranken Kbn Wchnschrft , 13 1449 (1934) 

156 Kxtppixg, H W Eeber die respiratonsche Insufficienz Kbn Wchnschrft ,14-406 

(1935) 

157 Kxippixg H W Eeber die Kontrolle der Herzleistungsgienze (Gienzwert des Herz- 

minutenvolumens) in der Klimk Dtsch Tied Wchnschrft , 63 462 (1937) 

15S Kxippixg, H W Das Verhalten des Gesunden und des Kranken Koerpers unter 
krbeit Ergebmsse der ergometnschen Entersuchimgen in der Klini k Klin 
Wchnschrft , 17 1097 (193S) 



414 


EHN'ST snioxsox AXD XOHBEBT EXZER 


159 Knippixg, H W Eimge Bemerkungen zur Behandlung der Lungentuberkulose 

Khn IVochensclir , 18 1289 (1939) 

160 Exipputg, H W , AXD Moxcbieff, H The Ventilation Equivalent for O^q'gen 

Quart Joum of Med , 1 17 (1932) 

161 Koiimehbll. B Ueber den Arbeitsstoffwechsel bei Fettsucht Zeitschr Ivlin Med 

118 474 (1931) 

162 Eommerell, B Schilddruse und Arbeitsstoffwechsel PflQo- Arch Physiol 227 

1 (1931) 

163 Komsiekeli., B Ueber die Ursache der Steigerung des Arbeitsstoffwechsels bei Mor- 

bus Basedow Dtsch Arch Klin Med , 171 308 (1931) 

164 Keamek, K , Obal, F , axd Qeevsel, W Die Sauerstoffaufnahme wahrend rhyth- 

mischer Tatigkeit Pflug Arch Physiol , 241 717 (1939) 

165 Kbogh, A , AXD Lixdhabd, J The Relative Value of Fat and Carbohydrate as Source^ 

of Muscular Energ}’- Biochem J , 14 290 (1920) 

166 Laszlo, D Stoffwechseluntersuchungen bei Herzkranken Klin Wschr , 7 1411 

(1928) 

167 Laszlo, D Stofifwechseluntersuchungen bei gestoertem Kreislauf Wien Arch f 

Inn hied , 25 161-353 (1934) 

168 Lauteb, L , AXD Baumaxx, H Ueber den Kreislauf beim sogenannten Fettherzen 

Klin Wchnschrft , 7 741 (1928) 

169 Levt, E Zum Problem des Arbeitsumsatzes, insbesondere bei Myvodem und Mager- 

sucht Zeitschr evp Med , 78 764 (1931) 

170 Lewis, Th , Rtefel, J N , Wolf, C G , Cotton, T , axd Babcboft, J Observations 

Relatmg to Dyspnea m Cardiac and Renal Patients Heart J ,B 45 (1913) 

171 Liebexow, R Spatwirkungen erschopfender Muskelarbeit auf den Sauerstoffver- 

brauch, der Verlauf der Erholungskurve unmittelbar nach der Anstrengung 
Zeitschr f ges evp Med , 69 49 (1928) 

172 Liexe, E G VAX The Effect of Anovemia on the Size of the Heart as Studied by the 

X-ray Amer Journ Physiol , 82 727 (1927) 

173 LruTESTBAXD, G , Ltsholm:, E , axd Ntlix, G The Immediate Effects of Muscular 

Work on the Stroke and Heart Volume in Man Skand Arch Phjsiol , 80 265 
(1938) 

174 Liljesteaxd, G , axd Stevstbost, X Climcal Studies on the Work of the Heart 

during Rest I Blood Flow in Exophthalmic Goiter Acta Med Scand , 63 99 
(1925) 

175 Liljestkaxd, G , axd Zaxdeb, E Studies of the Work of the Heart dunng Rest and 

hluscular Activity in a Case of Uncomplicated Total Heart Block Acta med 
Skand , 66 501 (1927) 

176 Lixdhabd, J Ueber die Regulierung des Kreislaufs im gesunden und kranken Or- 

gamsmus Cardiologia, 1 366 (1937) 

177 Lipschitz, L Das Verhalten des Herzens bei sportlichen Maximalleistungen In- 

aug Diss Berlin, 1912 

178 Loewt, a (with CoxsTAM, G , Ebxst, T , Schmid, H , axd Blaschko, H ) Beitrage 

zur Ph^'Siologie des Hohenklimas Pflug Arch Physiol , 207 632 (1925) 

179 Ltjxdsgaabd, C Untersuchungen fiber das hEnutenvolumen des Herzen beim Men- 

Ecben Dtsch Arch Khn hied , 118 513 (1916) 

180 Lhxdsgaabd, C Untersuchungen fiber das hCnutenv olumen des Herzen beim Men- 

schen III hlessungen an zwei Patienten mit totalem Herzblock Dtsch Arch 
Kim hied , 120 481 (1916) 

181 hLAXX, H Circulatory Reactions to Exercise dunng Convalescence from iniectio 

Diseases Arch Intern hied , 21 6S2 (19181 < . , ah 

182 Marks, R E Die Xachwirkung kurzdauemder schwerer korperlicher 4.rbeif Ar 

' Physiol , 2 129 (1929) 



MTSCrCLAil EXEPCISE AXD FAXIGITE IX DISEASE 


■415 


1S3 Massh, M E The Character of Energr Metabolism durmg Work J of Xutntion, 
1- o7 (192S) 

ISl lilABZAHit H GrtBEAU, TV , AST) Zaepee, G Ergebmsse der Prufung gesunder und 
kranker Lungen Zeitschr Kim Med ,129.-134 (1936) 

155 MiSTEB, A M The Two Step Test of Myocardial Funcaon Am Heart, 10 494 

(1935) 

156 Masteb a M , AXD OppE^THEnrsE, ETA Simple Exercise Tolerance Test for 

Circulanon Emciency with Standard Tables for Xormal Inoixidtials J A il Sc 
177. 223 (1929) 

157 MiTEEiT, D Der orthostatische Kreislaufkoliaps-Graxitatioiis-shock beim Men- 

schen nach Lorperhcher Arbeit Arb Physiol , 8 595 (1935) 

ISS Mateeet, D and Peteoet, C Die Bedeutung des Muskeltonus fur den Kreislauf 
Clm Bulgar , 5 3S5 (1933) (French summary) 

1S9 Mateete D AST) Peteoef, C Graxitanonsshock beim Menschen nach Muskel- 
arbeit Z-eitschr Exper Med 85.115(1932) 

190 Matiees H U Die gasanalytische und physikahsche Schlagvolumenbestimmnng 

bei Ruhe und jJrbeit Arb Physiol , 10 66S (1939) 

191 McGeea, F D Diastobc Sire of the Heart dtmng and after Exercise Amer Joum 

Physiol ,81 497(1927) 

192 McCbea, F D , Etsteb J .A E , asd Meee, TV J The Effect of Exercise upon 

Diastobc Heart Size Amer Joum Physiol , 83 67S (192S) 

193 McCeedt j G , AST) Laesos, L A The Physiology of Exercise Lea and Febiger, 

Philadelphia (1939) 

194 41EASTNS J , DArxsEBAsnE, L .AST) Fetteb tv j The Influence of Circulatory 

Disturoances on the Gaseous Exchange of the Blood IV The Blood Gases and 
Circulation Rate m Cases of Mitral Stenosis Heart J , 10. 153 (1923) 

195 Measixs j , AXD Grxsox, E B The Pulse Rate after a Simple Test Exercise m 

Cases of Imtable Heart Heart J , 6. 2S5 (1916 A7) 

196 Meakess, j , AST) Loxg C N A Oxygen Consumption, Oxygen Debt and Lacnc 

Acid m Circulatory Failure Joum Clin Invest ,4 273(1927) 

197 Means J H , axd XEirsirEGH L H Studies of the Blood Flow by the Method of 

Krogh and Lmdhard Tr Ass .Am Physic , 30 51 (1915) 

19S Mebegixsst, M F . Der Einfiuss der Ermudung auf die Oxydations-prozesse im 
Muskelgewebe Amtammotischer Tiere Fiziol Z , 22- 424 (1937) 

199 MrrrBB, F Herzschlagvolumen und Herzschwache Khn TVochenschr , 18 1205 

(1939) 

200 MoxcBTErr, A Tests for Respiratory Efficiency Medic Res Coanc London, Re- 

port Ko 1S9 (1934) 

201 Mobitz, F Munch Med TVchnschrft , 49 1 (1992) 

292 XicoiAi, G F , AND ZtrxTZ, X Fullimg und Entleerung des Herzens bei Ruhe und 
Arbeit Berl Kbn TVschr 51 S21 (1914) 

203 XiELSEX, H E Chmcal Investigations into the Cardiac Output of Patients with 
Compensated Heart Disease durmg Rest and durmg Muscular TVork Acta med 
Scand , 91 223 0937) 

294 XrErwEN-BXTZEX C L C vax Der -venose Blutdmck nach .Arbeitsleistung, eine 
Funktionsprufung der Zirkulanon Acta med Scand , 103 171 (1940) 

205 X-TLix, G Chmcal Tests of the Function of the Heart .Acta Med Scand Snpn , 
62 1 (1933) 

203 X-nrx, G Funcnonal Heart Tests and their Chmcal Significance Acta Med Scand 
Supp 78 64 0933) 

207 X-TLtx, G More Recent De-velonments of Heart Function Tests J .A M A , 109. 
1333 09371 

20S Xtixx, G The Practical .Aophcabibty of the Caroio-Pulmonarj Function Test 
.Acta med Scand Sunp , 93 1 093S) 



414 


ERNST SniONSON AND NORBERT ENZER 


159 K-Kipping, H W Eimge Bemerkungen zur Behandlung der Lungentuberkulo'e 

Khn Wochenschr , 18 12S9 (1939) 

160 I^NIPPING, H W , AND Moncrieff, H The Ventilation Equivalent for O^gea 

Quart Joum of Med , 1 17 (1932) 

161 KoiiMESELL, B Ueber den Arbeitsstoffwechsel bei Eettsucht Zeitschr Klin Med 

118 474 (1931) 

162 KoiDTEBELL, B Schilddruse und Arbeitsstoffivechsel Pflug Arch Phjsiol , 227 

1 (1931) 

163 KojiAiESEiiii, B Ueber die Ursache der Steigerung des Arbeitsstoffwechsels bei Jlor- 

bus Basedow Dtsch Arch Klin Med , 171 SOS (1931) 

164 Kbaaier, K , Obal, F , and Quensel, W Die Sauerstoffaufnahme wahrend rh} th- 

mischer Tatigkeit Pflug Arch Phy^siol , 241 717 (1939) 

165 Keogh , A , and Lindhabd, J The Relative Value of Pat and Carbohydrate as Sources 

of hluscular Energy Biochem J , 14 290 (1920) 

166 Laszlo, D Stoffwechseluntersuchungen bei Herzkranken Klin Wschr , 7 1411 

(1928) 

167 Laszlo, D Stoffwechseluntersuchungen bei gestoertem Kreislauf Wien Arch f 

Inn hied , 25 161-353 (1934) 

168 LiETEB, L , AND Baumann, H Ueber den Kreislauf beim sogenannten Fettherzen 

Klin Wchnschrft , 7 741 (1928) 

169 Levy, E Zum Problem des Arbeitsumsatzes, insbesondere bei MjNodem und hlager- 

suoht Zeitschr evp Med , 78 764 (1931) 

170 Lewis, Th , Ryffel, J N , Wolf, C G , Cotton, T , and Baecboft, J Observations 

Relating to Djspnea in Cardiac and Renal Patients Heart J , 5 45 (1913) 

171 Liebenow, R Spatwirkungen erschopfender Muskelarbeit auf den Sauerstoffver- 

brauch, der Verlauf der Erholungskurve unmittelbar nach der Anstrengung 
Zeitschr f ges evp Med , 69 49 (1928) 

172 Liene, E G VAN The Effect of Anovemia on the Size of the Heart as Studied by the 

X-ray Amer Journ Physiol , 82 727 (1927) 

173 Liljestband, G , Ltsholm, E , and Ntlin, G The Immediate Effects of Muscular 

Work on the Stroke and Heart Volume in Man SLand Arch Physiol , 80 265 
(1938) 

174 Liljestband, G , and Stenstrom, K Climcal Studies on the Work of the Heart 

during Rest I Blood Flow in Exophthalmic Goiter Acta Med Scand , 63 99 
(1925) 

175 Liljestrand, G , and Zander, E Studies of the Work of the Heart during Rest and 

Muscular Activity in a Case of Uncomplicated Total Heart Block Acta med 
Skand , 66 501 (1927) 

176 Lindhabd, J Ueber die Regulierung des Kreislaufs im gesunden und kranken Or- 

gamsmus Cardiologia, 1 366 (1937) 

177 Lipschitz, L Das Verhalten des Herzens bei sportlichen Maxunalleistungen In- 

aug Diss Berlin, 1912 

178 Loewt, a (with CoNSTAM, G , Ernst, T , Schmid, H , and Blaschko, H ) Beitrage 

zurPhysiologiedesHohenklimas Pflug Arch Physiol, 207 632 (1925) 

179 LundsgaaRd, C Untersuchungen iiber das hUnutenvoIumen des Herzen beim hlen- 

Echen Dtsch Arch Klin hied , 118 513 (1916) 

180 Lundsgaabd, C Untersuchungen fiber das hlinutenvolumen des Herzen beim * len- 

Echen III hlessungen an zwei Patienten mit totalem Herzblock Dtsch . re 
Klin hied , 120 481 (1916) 

181 hlANN, H Circulatory Reactions to Exercise during Convalescence from imcc 

Diseases Arch Intern hied, 21 6S2 (mSl _ , 

182 Marks, R E Die Xachwirkung kurzdauemder schwerer korperheher Arbei 

* Physi’ol , 2 129 (1929) 



irrscTTLAB EsxHCEi; AXD fatigt:e rx disease 


417 


235 Schott E Die Erhoehung des Drackes ua venoesen System bei Anstrengung als 

Mass fur die Funknonstiiclitigkeit des menschlichen Herrens Dtsch Arch Ehn 

Med ,105 537 (1912) 

236 ScsEOHDEB C , AXB Feaaz IV * ArbeitsphysiologiEche Untersuchungen aa Schtvaa- 

ge*einind Kreissenden Klin IVschr 14 1818(10341 

237 SnioxsoN E VreitereBeitiage cur Physiologic derErholung Pfiug Arch Physiol. 

215 716 (1927) 

238 SniONSox, E aivD Etesste O Znr Physiologic der Eebimg (TramiDg) Pfliig 

Arch Physiol 215-743 (19271 

239 SiMOixSOX, E IVeitere Beitrage zur Physiologic der .Vtinung und Uebung Pflug 

-Arch Physiol 215 752 (1927) 

240 SmoitsoK, E ASa Httbestshit H • Zum Terhalten des Mirktmgsgrades bei korpsr- 

hcher Arbeit Pflug Arch Physiol , 225 498 (1930) 

241 Snioxsox, E EinSuss wiUkurhch verstarkter Atmiing auf die Erholungsgescnivin- 

digkeit Arbeitsphvsiol , 1- 87 (1928) 

242 Smoxsoic E tJber cue Erholimg xrahrend und nach beendeter Arbeit und uas V er- 

halten des kalonschea VenulationsQuotienten und des respiratonschen Quotienten 
beini Formen und semen Elementen Aro Physiol , 1: 540 (1929) 

243 SiiEONsov E Der Emsatz bei korperhcher .Arbeit Handb d norm u pathol 

Phyaol , Berlin J Springer 15 (1930) 

244 SmoKsox E Der heunge Stand der Theone der Ermudung Erg d Physiol 37. 

299 a935) 

245 Sntoxsov, E L Adaption au Travail Phvsique Trav Hum , 4 129 (1936) 

246 Siitoxsox, E Quelques Questions concemant les Echanges au Cours du Travail 

Musculaire Trav Hum 6 385 (1938) 

247 SnioxsoxjE Die RoUe der Lunge imlntermediarenStoflivechsel .Act Med ER5S , 

1; oSS a93S) 

24S Smovsox E , and GorxirrrzES-MEiEB, K Beitiage zur pathologischen Physiologic 
des respiratonschen Stoflwechsels I liber den Arbeitsumsat: bei HeransuS- 
cienz Zeitschr f ges Exper Med 171-329 (1930) 

249 Sisioxsov, E , axd GoiiivrrzEP-MEiEB, K III "Cber aen Ruhe- und .Arbeitsumsatz 

bei Diabetes Zeitschr f ges exp Med 73 25 (1930) 

250 Sisioxsox, E , axd Goiiivi-rzEE-MEira, K V LTier den .Arbeitsumsatz bei Gnppe- 

rekonvalescenr Zeitschr f ges exp Med 75 330 (1931) 

251 SiJioxsox, E , -VXD Eichteb, F Zur Pharmakologie des Energieumsatzes bei chro- 

nischer SchweTelvergiitung .Arch f exper Pathol u Pharmak 116 272 (1923) 

252 Siiioxsox, E , axd Stssina S Eber den Einfiuss von Belastung und Beweguncs- 

pausen auf die Stimulanon von Ereislauf und Stoflwechsel .Arb Phvsiol , 6 
553 (1933) 

253 Siiioxsox, E , Axn SrasrSA, S Wirkuncsgrad und .Aroeitsmaximum .Arb Pnvaol , 

7 457 (1933) 

254 Siiioxsox E axd Stekts-v, S Gaswechsd bei emiuedender .Arbeit Arb Phvsiol , 

9 267 (1936) 

253 Siiioxsox E Txsmxso, X , axd Goeetx, M Emfluss von Vorubungen auf me 
Leistung beim 100 m Lam .Arb Phvsiol 9 153 (1936) 

255a Sjoestpaxi) T Funbtiomeren me Leber und Lunge als Blutdepots’ E3in IVo- 
chenschr 13 169 (1934) 

256 SniTH, G H InSnence of Work with Special Reference to the Thvrom Gland .Arch 

of Intern Med 42 47 (19281 

257 SiHTH H L ‘ .Athletic Heart” an uniortunate term Pmc StaflMeet MavoClimc, 

10 122a935) 

258 SosKix, S Katz, L X , Maeslz R- axd Hex-x-e^ R The Metabohc Exerc.se Tol- 

erance Test .Arch In'ern Med , 63 703 (1934) 



416 


ERXST SDJOXSOX A^T) XORBERT EXZER 


209 Olmes de CAiia4,sco, H TJeber das Terhalten der Sauerstoffaurnahme unter Arbeit 

und anderer Faktoren, welche die Grenze der maximalen Sauerstoffaufnahme bedm- 
gen Elm Wochenschr , 161 114 (1936) 

210 Paeaee, G IV Herzerkrankungen und Sport Med Welt , 10 1101 (1936) 

211 Pabrisius, W Ski Langlaufe Alunch Med Wchnschrft , 71 1601 (1924) 

212 P^^TEBsox, It , ANT) P 4.TEESOX, E An Experunent on the Efficiency of Exercise on 

the Heart of Athletes Amer Journ Roentgenol , 34 loS (1935) 

213 Peabody, P W Cardiac Dyspnea Harvey Lect , 12 248 (1916-17) 

214 Peabody, F TV , TVextivohth, J A , ant> Barker, B I Clinical Studies on the 

Respiration T’’ The Basal Aletabobsm and the Alinute Volume of the Respiration 
of Patients with Cardiac Disease Arch Int Med , 20 46S (1917) 

215 Peabody, F TV , akd Sturgis, C C Cbmcal Studies on the Respiration Effect 

of Exercise on Metabolism, Heart Rate, and Pulmonary Ventilation of Xormal Sub- 
jects and Patients with Heart Disease Arch Intern Med , 29 277 (1922) 

216 Petebsev, 0 T' C E , Christoffersex, N R , axd Lixdhabd, J Observations on a 

Case of Alorbus Coeruleus-grave Congenital Alalformation of the Heart — Its Chnic, 
Pathology, and Phj siology Acta Med Scandin,64 395 (1921^ 

217 Peummeh, H S , AXD Boothby, TV M The Cost of TVork of Exophthalimc Goiter 

Am Joum Physiol , 63 406 (1923) 

218 Probst, D tv Exercise Cardiac Function Test in Hundred Cases of Heart Disease 

J A M A , 82 2102 (1924) 

219 Pbodger, S H , AXD Denttg, H A Studj' of the Circulation in Obesity Journ Clin 

Invest , 11 7S9 (1932) 

220 Proger, S H , AXD Korth, C Effect of Light Muscular Training on Patients with 

Heart Disease Arch Intern Med , 65 204 (1935) 

221 Proger, S H , Mccxich, TV R , Axm XLagexdixtz, H The Circulatory Response to 

Exercise in Patients with Angina Pectons Am Heart J , 10 511 (1934) 

222 Raab, L Zur Frage der akuten Ddatation des Herzens durch Ueberanstrengung 

Munch Aled TVchnschrft , 66 555 (1909) 

223 Rapport, D L The Systolic Blood Pressure Following Exercise, with Remarks on 

Cardiac Capacity Arch Int Med , 19 981 (1917) 

224 Reisixgeb, J A The Determination of Exercise Tolerance by the Two-Step Test 

Am Heart Journ ,16 341 (1938) 

225 Revers, F E Die Oekonomie herzkranker Personen bei korperlicher Arbeit 

Utrecht Dissert , 1930 

226 Richardsox, H B , axd Levixe, S Z Cbmcal Calorimetry XXXIX Exercise 

and the Respiratory Quotient in Diabetes Journ Biol Chem , 66 161 (1925) 

227 Rohreb Fortschr Rontgenstr ,24 285(1916/17) 

228 Rosexbaum, H L’lnfluence du Poumon sur la Teneur en Acide Lactique du sang 

Arch Inter Physiol , 46 75 (1937) 

229 Schelloxg, F TVeiteres uber das Symptom der Blutdrucksenkung nach Korperar- 

beit Hin TVschr,ll 53 (1932) 

230 ScHEELOXG, F Das Verhalten des diastobschen Blutdrucks nach Ivorperarbeit und 

seine klinische Bedeutung Klin TVochenschr , 11 1340 (1930) 

231 ScHEXK, P Der Kreislauf der TTissenschaft Eine Gedachtnisrede ftir Carl Speck, 

den ersten Arbeitsphj'siologen Munch Med TVchenschr , 76 1949 (1925) 

232 ScmnTZ, H TV , axd Preston , M Changes in CO: Combimng Capacitj of Blood 

Following Exercise in Indinduals with Orgamc Heart Disease Proc Soc Exp 


Biol and Med, 24 766(1927) . a , i, non) 

233 SCHXEIDEB, E C Phvsiology of Muscular Actixntx Saunders, Philadelphia (1J3J; 

234 SCHX-EIDEB, E C , AND CuxPKE, R TV Studies on Muscular Exercise under Low 

Barometnc Pressure IV The Pulse Rate, Arterial Blood Pressure, and Oxjgen 
Pulse -Tm J Phj'siol , 83 633 (1929) 



irtrscxrLAK exercise axd fatigue ix disease 


419 


252 IVoLLHETM, E . Die Blutreservoire des Menschen Elin VTclmschrft ,7 12(1933) 

253 21iEPES, G TJeber regulatonsche Vorgange im Orgamsmus bei Or-Mangel Khn 

TVchnschrft , 18 919 (1939) 

254 Zaepeb, G , HiBiscH, H , Chaxeford, A , A^a) Wou, TV Zur Charaktensierung 

bestunmter Formen von Cardialer Aibeitsinsufficienz durcb die Aibeitsatmung 
Kim IVcbuscbrit ,18 270 (1939) 

255 Zdaxskt, E tjber die Teranderungen der Herzgrosse imd -Form nacb emmaliger 

-Irbeitsleistung Klin Med , 131 112 (1936) 

256 ZovDEK, H TJeber das Verhalten des Kreislaufs und der Oj-Dissociation des Blutes 

beim Morbus Basedow und Praebasedow Dtsch Med 'Wcbnscbrft , 1 345-346 
(1929) 

2^1 ZuNTz, X , AXD ScHTJMBUBG Phvsiologie des Marscbes, Berhn, 1901 



418 


ERXST SniOXSON AND NOEBBRT EXZER 


259 Speck, C Quoted from Schenk, P 

260 Spohr, E , Luipert, H Kntisches zur Herzfunktionsprufung Munch Med 

Wchnschrft , 77 430 (1931) 

261 Steinhaus, a Exercise Annual Rev of Physiol , 3 695 (1941) 

262 Stewart, C P , G addie, R , 4Nd Ddneop, D M Fat Metabolism in Muscular Exer- 

cise Biochem Journ , 25 733 (1931) 

263 Stewart, H J The Effect of Exercise on the Size of Normal Hearts and of Enlarged 

Hearts of Dogs Joum Clin Invest , 7 739 (1929) 

264 Stew art, H J , anb Jack, N B The Basal Metabolic Rate in Orgamc Heart Disease 

Am Heart Joum ,19.738 (1940) 

264a Starr, J , Jr , Dokal, J S , Margoues, A , Shaw, R , Colliks, L H , and Gasible, 
C J Studies of the Heart and Circulation Disease, Estimations of Basal Cardiac 
Output, Metabolism, Heart Size, and Blood Pressure in 235 subjects Jr Clin 
Invest , 13 561 (1934) 

265 Storm van Lieuwek, H , axd Larsek, P t)her die Atmung der Asthmatiker wah- 

rend leichter Arbeit Zeitschr f ges exper Med , 66 320 (1929) 

266 Sturgis, C C , Jack, N B , Pe abodt, F W , akd Hall, F C Climcal Studies on 

the Respiration VIII The Relationship of Dyspnea to the Maximum Minute 
Volume of Pulmonary Ventilation Arch Int Med , 29 236 (1922) 

267 Sutton, F C , Britton, J A , and Carr, J G Estimation of Cardiopulmonary 

Functional Capacity by Means of Oxygen Debt Studies Am Heart J , 20 423 
(1940) 

268 Thaddea, S Wie verhalt sich bei den Vegetativ Stigmatisierten und Basedow der 

-•Irbeitsumsatz zum Grundumsatz2 Zeitschr Elin hied , 1 611-632 (1929) 

269 Veal, J R , and Hussey, H H The Use of Exercise Tests in Connection with Ve 

nous Pressure Measurements for the Detection of Venous Obstruction in the Upper 
and Lower Extremities Amer Heart J , 20 308 (1940) 

270 Voss, E Untersuchungen uber die Arbeitsokononue in der Klimk Zeitschr f ges 

exp Med , 73 743 (1930) 

271 Wang, C C , Strouse, S , and Morton, Z 0 Studies on the Metabohsm of ObesiU 

V Mechamcal Efficiency Arch Intern Med , 46 727 (1930) 

272 Wang, C C , Strouse, S , and Shtth, E The Influence of Fat on the Heat Produc- 

tion during Muscular exercise Journ of Biol Chem , 74 37 (1927) 

272 W ANG, C C , Strouse, S , and Smith, E The Influence of Fat on Mechanical Effi- 
ciencj Arch of Intern Med , 46 1004 (1930) 

274 Wang, C C , Strouse, S , and Smith, E The After-Effect of Muscular Exercise on 

the Production of Basal Heat Arch Intern Med , 46 40 (1930) 

275 Warfield, L hi The Heart and Athletics hlodern Concepts of Cardiovascular 

Disease Monthly Pubhc Am Heart Assoc , No 5, III 5 (1934) 

276 Weiss, S , and Ellis, L B 0x 3 gen Utilization and Lactic Acid Production in the 

Extremities during Rest and Exercise in Subjects with Normal and in those with 
Diseased Cardiovascular Systems Arch Int hied , 66 665 (1935) 

277 Williamson, C S The Effects of Exercise on the Normal and Pathological Heart 

based upon the Study of One Hundred Cases Amer Journ hied Sc , 149 492 


278 


279 

2S0 

281 


"UiLSOV, M G Rsercise Tolerance Test of Children with Heart Disease JAMA, 

76 1629 (1921) 

Wilson, M G , and Edwards, D J The ntal Capacity of Lungs and its Remtion- 
ship to Exercise Tolerance in Children with Heart Disease Am Journ of Dis o 
Children, 22 243 (1921) , , . „ 

WiNTERSTEiN, H , AND GoLLWiTZER-hlEiER, K Ueber die Atmungsfunktio 
Blutes im Hochgebirge Pflug Arch Ph3Siol,219 202 (1928) _ 

WoLLHEiM, E Die zirkulierende Blutmenge und ihre Bedeutung fur Kompensation 
und Dekompensation des Kreislaufs Zeitschr Klin Med , 116 269 (19 ) 



MtrSCrLAE EXERCISE AED EATIGTIE ES* DISEASE 


419 


252 Wotahttm.E Die Blutreservoire des Menscten Elm 'Wchnsclirft ,7 12 (1933) 

253 Zaeper, G Deber regnlatonsche Vorgange im Orgaiiismus bei Ot-4Iangel Elm 

IVchnscbrft , 18 949~(1Q39) 

251 Zaepeb, G , Habisch, H , Cbaatepord, A , axd Wolt, IV . Zur Charaktensierung 
bestunmter Fonnen von Cardialer Aibeitsmsnfficienz durch die Arbeitsatmimg 
Elm IVcbnscbrft ,18 270(1939) 

2So Zdaxsst, E Ijber die Veranderungen der Herzgrosse nnd -Form nacb einmaliger 
Arbeitsleistung Elin Med , 131 112 (1936) 

256 Zoxduk, H Eeber das Verbalten des Eieislaufs und der O.-Dissociation des Blutes 
beim Morbus Basedoiv und Praebasedow Dtsch Med 'Wchnscbrft , 1 315-346 
(1929) 

^ Ztrs-rz, E , axd ScaniiBUBG Phvsiologie des Marscbes, Berlm, 1901 




MOXOCTTIC LEDKEiOA 
(Gexeeai, Review of the Subject) 
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S9 Trur-huU Street, Xes Ec~cn, Coir.ecticut 

HI5TOST 

The general group of diseases which, we know now as the leukemias has long 
been recognized and was described as early as the Greek age of medicme How- 
ever, for a great many years foUowmg this description, no distinction between 
the separate members of the group was possible, all cases were considered to be 
alike and were classed m what we now recognize as the lymphatic type In 1S91 
Paul Ehrhch gave to the profession the anihne dyes and smce then it has been 
possible to appreciate morphological differences withm the white cell group 

In 1900 Xaegeh and others were able to demonstrate that the myelocytic 
senes was entirely different from the lymphocvriic stram of cells and pomted out 
that myelocytic and lymphocytic leukemia were separable on morphologic 
grounds Duimg the past forty years the hfe histones of the lymphocyte and of 
the granular leucocyte have been worked out from buth to matunty and death 
Their functions have been studied, their staining quahties m both fixed and 
supravital techmques and their behavior m tissue culture have become so fa- 
miliar that the profession no longer doubts their mdividuahty Acute subacute, 
chrome and subleukemic types of each of these two divisions of leukemia are 
conceded by all hematologists to evm 

In 1912 with certam new techmques, Schilhng (201) was able to demonstrate 
to his own satisfacnon a third type of white blood cell which he named the 
“monocyte ” It was therefore fittmg that he and Reschad (ISO) should, m 
1913, desenbe a case m which they beheved “monocytic leukemia” was present 
IVhile certam other observers had described cases which, m retrospect, seem to 
satisfy the requirements for mclusion within this group, they were the first to 
state that a third type of leukemia exists and to report a case exemphfymg thi=: 
concept (Both Dameshek (3S) and Clough (31) call attention to a case reported 
by Hindenburgh (97) m lS9o which probably falls m this category A case con- 
sidered bv Clough to be “highly suggestive” of the disease was noted by Rowley 
(195) m 190S Other cases report^ by Friedreich (73) m 1S57, Ebstem (49) m 
1SS9 Frankel (71) m 1S95, and Gilbert and Emile-Weil (SO) m 1S99 and 1904 
have been reviewed by the present author and seem to satisfy many of the entena 
for mclusion m this tiiie of leukemia ) Credit for keen observation and accurate 
description must be rendered to those workers but the history of ‘ monocvtic 
leukemia as a disease entity clearly stems from the work of SchiUms m 1912 and 
1913 

Although the preponderance of hematologic opmion at present weidis heavily 
m favor of considering it a disease entity, there are many well-informed and 
thoughtful workers m the field who still mamtam that it is only a syndrome and 
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tliat it IS merely a transient form of one of the other types of leukemia These 
men consider the monocyte a mutation form of the myelocytic or Ijunphocytic 
senes and feel that it has no separate life cycle Even wit hin the group who ac- 
cept the monocyte as a separate cell and who beheve that monocytic leukemia 
exists, there is much argument as to the ongm of the cells of the blood m general 
and of the monocyte m particular This disagreement is suggested by the multi- 
tude of names under which the disease has been reported and adds greatly to the 
confusion which surrounds the subject Thus Jetter (107) reported his case 
under the title “Acute Leukemia,” Alder (3) used the term “Myelosis,” and Ross 
(193) “Reticulosis ” Boehne and Hmsman (17), Bykowa (22), Ewald (54), 
Feller and Risak (59), Foord et al (64), Kato (110), Krahn (116), Luzma (135), 
Patrassi and Crepet (174), Rivasi and Ugnmow (188) all have used the term 
“Leukemic Reticulo-endothehosis” m reference to this subject alone or m con- 
junction with other titles Cooke (33), Gittens and Hawlesle 5 ’- (81), GledhiU 
(82), Ramsey and Tank (182), and Foot and Olcutt (65) have referred to it as 
“Histiocytic Leukemia ” Corml et at (34), reported a case of “Monoblastic 
Leukeima” and MitcheU (155) used the term “Mahgnant Monoblastoma ” 
“Monocytoma” was used by Lewis (131) 

Smce 1932 the Quarterl}'' Cumulative Index has mcluded all these names under 
the headmg “Monocytic Leukemia” and has thereby greatly facihtated search 
for cases 

Because of the marked dispanty of opmion concemmg certam facts m regard 
to monocytic leukemia the foUowmg questionnane was sent in June 1940 to ap- 
proxamatel}'' fifty authors who had wntten or discussed monocytic leukemia As 
nearly as the author could estimate, this number represents most of the workers 
m the field m the Umted States and Canada It was not deemed advisable to 
send questionnaues to the war-tom countnes From the group, forty replies 
were obtamed, two men were reported deceased, and two had moved without 
leavmg an address, so that of forty-SLx who received the communication fortj' or 
nearlj'^ mnety percent answered 

The questionnaue requested the followmg information 

1 Is there such a cell as the monocj te’ 

2 Does the disease entity actuaUj exist’ If not, what is the relation of the syndrome 
to the other leukemias’ 

3 Are there acute, subacute, subleukemic, and chronic forms of the disease? 

4 Approximately how rare do you think it is’ By what name do 30U vish to 
designate it? 

All those reportmg stated that they feel there is such a cell as the monocj4e 
In answer to the second question, “is there such an entity as monoc 3 dic leu- 
kemia,” thirty-three answered m the affirmative and onlj^ two in the negatn e 
Four who did not answer the question referred to the opimon of some other 
author Four of the best known pubhcations on the subject were contnbuted by 
C Doan (43), H Downey (45), C Forkner (66), and E Osgood (166) The 
pomt of view expressed m these pubhcations is fairly tjincal of the total 
three Two who answered the question “no” were A' Rosenthal (264) and U 
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Thompson (269) of Xeiv York TVenty-nine behove there is an acute form of 
the disease Two do not beheve there is any such disease and, therefore that 
there is no acute form, and the remamder did not express an opimon The ex- 
istence of the subacute form is a purely arbitrary time division Zilost of those 
reportmg agree that this type was seen Twenty observers beheve that there is a 
chrome form of the disease Three do not beheve that such a form exists, and 
three consider that it probably exists The remamder did not answer the ques- 
tion specifically The existence of the aleukemic form is demed bj* three authors 
and confirmed by twenty-six The remamder did not answer the question defi- 
mtely 

A discussion of the wide difference of opinion concermng the frequencej- of the 
disease withm the leukemic population wdl be given later m the text 

Yearly all the authors who answered the questionnaire were m favor of leaimg 
the term monocytic leukemia as it stands today Thompson and Rosenthal re- 
garded them all as myelocytic leukerma and Rosenthal designates them as 
“monocj'toid myeloblastic leukemia ” hEUer (259) would prefer to have them 
called ‘Teukemic refaculosis,” and Cunmngham (235) refers to the group as 
“large cell Ijmphatic leukemia ” 

In the discussion of the subject the present author has attempted to include 
only those cases which come under Downey’s classification of “monocytic leu- 
kemic — S chillin g type ’’ He has attempted to name as “true cases’’ only those 
which conform to this type smee he agrees with Downey and vanous other 
workers that the Yaegeh tj-pe is reaUj* myeloblastic or mA’elocj-tic leukemia 

In summary it is evident that the majority of hematologists m the countrj' 
beheve that the disease does exist, that the name used at present is satisfactorj*, 
and that acute, subacute, chrome, and aleukeimc cases are seen hlost of those 
reportmg agree to at least a two percent occurrence amongst the leukermc popu- 
lation, and some workers find the occurrence very much larger Nothmg is to be 
gamed b^' attemptmg to "strike an average” from these wideh' varjmg per- 
centages 

Fleischmann (62) described the second authentic case m 1915 and Bingel (15) 
the third m 1916 Rosenthal (190) described the fourth case m 1921 (first case 
from the Umted States) and m the same year Kormj-a and Hayashi (113) de- 
senbed the fifth case (first case m Japan) Smee then the disease has been re- 
ported from Austraha, Chma, Denmark, England, France, Holland, Italy, 
South America, Russia, Switzerland and ^•a^ous other areas The author has 
listed 197 cases m aU of which there seemed to be some endence that the disease 
existed Of these SO have been repoited from the United States, 32 from Ger- 
many, 24 from France, 15 from Itah-, 16 from England, 6 from Scandmana, 4 
from Poland, 3 each from South Amenca and Chma, 2 each from Canada, Russia, 
and Japan, and 1 each from Austraha, Holland, Portugal, and Switzerland 

Smee the ongmal descnption m 1913 excellent reviews of the subject ha\ e ap 
peered m this country and elsewhere Dameshek (3S) found 16 cases in the 
hterature up to 1930 and added 2 more for a total of 18 In 1932 Clough (30) 
was able to find only 22 proven cases and added 1 more of his own to make a 
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total of 23 In 1934 Forkner (66) renewed 8 additional cases from the hterature 
and added 6 of his own to bnng the total of adequately described cases to 37 In 
this same 3'6ar Doan and Wiseman brought forward endence which the}'^ con- 
sidered sufficient to prove that cases of chrome monocytic leukemia existed and. 
described 4 among a total of 12 personaU5' studied cases This mvestigation 
opened the door to the mclusion of a considerable group of cases which had been 
prenously disputed on the basis that monoc5'tic leukemia was seen only as an 
acute disease In the same year ilarchal and others m France and Lenne con- 
tributed excellent general reviews of the subject While stud3mig their eight 
cases m 1934 and 1935, Edumpp and Evans (112) were able to accept 80 cases of 
those reported m the hterature In 1937 Osgood (166) found one hundred and 
twenty-seven case-reports m the hterature which he was willin g to confirm, and 
he added six more cases of his own, brmgmg the grand total to one hundred and 
thirt3*-three In 1938 Roversi and Salans (194) published a scholarl3'' review of 
the entire subject 

The author has renewed over three hundred pubhcations which have appeared 
m the hterature m the past twent3'-seven years and has tabulated the data from 
one hundred and ninety-seven cases which seemed to him to present sufficient 
evidence of the disease to be worth3’’ of consideration He has further con- 
sidered certam of these as bemg “probable” or “doubtful” cases Thus the 
total number of these cases which he is wilhng to accept without qualification is 
one hundred and sevent3^-mne 

There are certam instances m which he has mcluded cases not accepted b3 the 
prenous renewers, and other cases accepted b3' one or the other of his pred- 
ecessors which he fails to accept This discrepanc3'' is mentable where the 
decision has to be made 63' difi’erent renewers from the written page alone, and 
certaml3^ nothmg more than personal opimon is reflected by these mclusions and 
omissions 


ORIGIN OF THE WHITE BLOOD CELLS 

Ehrhch considered the monoc3'te a transition form m the course of maturation 
of the neutrophihc leucoc3i:e Naegeh (162) concurred m this new as have many 
others Alder (3), Turk, Rohr, Brustlem (21), Huschfeld (98), and Piney (177), 
Alerklen and Wolfe (148, 149), Reich (184), Rosenthal (166, 264), and Thompson 
(269) have all felt that the monoc3de has no mdindual ongm separate from the 
granular senes and that there is no entitj' which can be called “monocjdic leu- 
kemia ” 

Amongst others, iMaxunow (145), Wiedenreich, Cunmgham (235), and Bloom 
(16) have adi-anced the hj-pothesis that this cell is denved from the l3Tnphoc3'tic 
senes Tlieu reasons for this pomt of new are based mainl3' on the common 
morphological characteristics of the two cells 

Pappenherm (173) and Fenata clearW demonstrated the mdependence of the 
monoc3'te from the granular cells It remamed for Schilhng-Torgau to demon- 
strate its mdependence from the b-mphoci-tic stram It is true that the mono- 
m-te IS found m the bone marrow under pathological conditions onli', and that it is 
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found in the spleen and Ijunph nodes normally It is also true that tissue cul- 
tures of the monocyte and the hmphocyte are ven- similar But, as Sc hillin g 
pointed out m 1912, there are suffiaently great difierences betnreen the hsro to 
make it possible to diSerenbate them and it iras vath this idea and neiv eqiup- 
'ment that he tras the first to recognize the disease as a separate entity m 1913 
Although the proponents of the hmphocj-tic ongm of the disease are note ver>* 
fetv those tvho adhere to the myelocj'tic genesis of the cell are stdl considerable m 
number and great m authority Hotrever most hematologists now agree that 
the monocyte has an mdindual ongm and that monocyfac leukemia is an entity 
separate from the other leukeimas The relation of the monocyte to the reticulo- 
endothehal system and the important part played by supra-vital techmque m 
estabhshmg this relationship together with certam coroUanes derived therefrom 
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Chast 1 Shows the Four Leadisg Conceptions of the Oeigun of the Blood Cells 
Reproduced by pernussion of Dr Charles Doan 


IS discussed later Fmal evidence that the disease is a defimte entity was fur- 
nished by Doan and Wiseman when they established positively what had been 
suspected for some tune, i e that there is a chrome form of the disease, and so 
rounded out the picture to conform with the partem of the other leukermas 

These leadmg concepts of the ongm of the different cells have given nse to 
several schools of thought on this subject, and Forkner has listed no less thnn 
nmeteen separate schemas to explam their genesis Of these onlj- a few wdl be 
discussed here 

1 The umtanan new which assumes that all blood cells nse from one blast 
cell — the lymphoblast The hematologists who still adhere to this concept 
are few 

2 The duahstic new m which all cells of the blood are supposed to onginate 
from the Ij-mphoblast and the myeloblast 
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3 The trimtarian ^-hich asserts that all blood cells stem from the m5-elo- 
blast, the l3Tnphoblast, and the megaloblast 

4 The modified duahstic ^•lew mth separate macrophage origm m winch tliree 
blast cells are postulated for tliree white cells (m3-eloblasts, l3Tnphoblasts, and 
monoblasts), one for the red blood cells (megaloblast) together mth a separate 
origm foi the clasmatoc3'tes 

These concepts are graphicall3’ lepresented 63' Doan and 'IViseman and their 
chart is reproduced as chart 1 with their kind permission A further elaboration 
of the origm of cells is pictuied m chait 2 
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Ch\rt 2 Gmis t. Further EL\BOK\TIO^ or the Okigiv of the Blood Cells 
Reproduced bj permission of Dr Charles Doan 

The author -will use the termmologA- and conceptions suggested b3' these charts 
m his discussion of the subject 


the RELATIOX of the arOXOClTE to the RETICUEO-EXDOTHELUL Sl'STEM 

In 1913 Aschofi and Eat'ono (7) described the “reticulo-endothebal S3 stem” as 
bemg made up of highh- phagoci-tic cells hanng a wide distnbution throughout 
the boda* but bemg concentrated m number and ph3'sio]ogicall3' more active m 
the blood-fomimg organs Thet' considered these cells to hate a common 
mesenchvmal ongm and to be able to change rapidlt* from a sessile to an amoe- 
boid state and back again Tliey included m their general schema the macro- 
pha'^es of Metclmikoff, the steUate cells of von Kupffer, the adicntitial cell- 0 
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^larchand, the clasmatocytes of Hanvier (183), and the histtocji;es of Aschofi 
and Kij'ono Some of these cells are so large that it would seem to be a me- 
chamcal impossibility for them to circulate m the blood as they could not pass the 
lung and other capdlanes The question then arose as to whether the monocjde 
is closely related to these tissue cells About this same tune Pappenheun (173) 
and Ferrata demonstrated the mdependence of the monocide and the myelocyte, 
and Schdlmg-Torgau clearly distmgmshed morphologically between the mono- 
cyte and the Ijunphocyte thus estabhshmg to his satisfaction the mdependence of 
the cell stram TVhen supra-mtal staining was developed it was possible to show 
that the monocyte of the blood is closely related to, but probably not identical 



Chjlet 3 Shows the RELiTiov or the Vjieioes Bmidd Ceixs to the Reticueo 

EXDOTHEUAl. StSTEM 

Reproduced by permission of Dr Charles Doan 


with the tissue ceUs The rosette of the monocyte is found by this techmque to 
be present m the stimulated cells and m the epithehoid cells of e-qierimental tu- 
berculous lesions In fact it is assumed bj" some mvestigators that the monocyte 
and the tissue histiocvte are merelv different stages m the bfe cvcle of the same 
ceU 

However, the monoc\-te has an extra-vascular maturation cj cle, is seen m the 
penpheral blood, has characteristic cytoplasm and nucleus and stains positivel 3 ' 
with peroxidase The phagocytosed material is contamed only m the vacuoles 
compnsmg the rosette In the macrophage of the tissues no phenomena of 
maturation have been observed, the cells are extra-vascular m distribution and 
the peroxidase stam is negatiie The phagocj-tosed matenal is distnbuted 
withm the cj-toplann m large vacuoles of \ amng size 
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The reticulo-endothehal sj^^steni also bears a close relation to certain diseases in 
winch fat metabolism is knomi to be disturbed It was knowledge of this fact 
together with known predilection of monocjdes to store lipids m certain states of 
disordered fat metabolism that led Doan to study the relation between fat metab- 
olism and monoc3’'tic leukemia 


ETIOLOGY 

Age 

Age seems to be of little impoitance smce cases have been recorded in indi- 
nduals under one jmar, as those of Gittens and Havkesley and of Julliard, and 
as late m Me as eighty-one years, as that described bj^ hlacKeith and Bailej 
Twenty cases were reported m persons from one to mne years, seventeen in the 
age group ten to mneteen, twenty between the ages of mneteen to tv'entj^-nine, 
forty between twenty-rune to thirty-nine, twenty-four m the age group from 
thirtj’^-nme to forty-mne, twenty-three between the ages from forty-mne to 
fifty-nme, twenty-three from fifty-mne to SLxty-mne, and thirteen in persons 
over seventy ^mare of age 

Although there have been recorded about twice as many cases m men (127) 
as in women (61), it must be remembered that at one time the disease was con- 
sidered to occur only in men Thus some cases m women were probably over- 
looked in the earty 3’'ears 


Heredity 

Heredity has not been proven to be of an3' importance in this s3iidrome and 
Forkner feels that the occasional cases referred to as congenital are really some 
other disease — possibly ei^dhroblastosis 

Distribution 

There seem to be no particular geographical limits for the disease since it has 
alread3'^ been reported from so man3’- widely separated areas Judging from the 
past history of the disease, it ma3’- be supposed that more and more regions will 
be represented as knowledge concernmg it becomes more widety disseminated m 
the medical profession Reports of its presence m communities seem to depend 
in part upon the interest and equipment of the local hematological laboratories 
Thus m some parts of this countr3^ it is considered a rare disease, one percent, 
while m others it is found as constituting approximately sixteen percent of the 
total leukennc incidence 

Patients of different nationahties hai e succumbed to the disease and it has 
been obseived m white, yellow, and black races 

It IS seen m nch and poor, m professional men and in laborers, and in countr3 

and city dwellers 

rrcquency 

From what has already been stated, it seems likely that the disease is con- 
siderably more frequent m occurrence than is commonly supposed and that it is 
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often unrecognized particularly m llie more chronic form as noted by Doan 
(237), Gordon (24S), Garon (247), Isaacs (251 104) Humpp and Evans (112), 
Osgood (166 262) and others 

The estnoated frequency of the disease in relation to the other forms of leuk- 
eroia vanes all the tray from Gordon’s (24S) estimate of IS— 20 per cent of the 
leukemic population to Rosenthal and Hams (192) 2 per cent Doan (237), and 
IViseman (271) have noted its occurrence over a ten year penod as 16 per cent, 
Osgood (262) suggests 3-9 per cent as the general figures Isaacs (104), m 1936 
veiy shretrdly called attention to some of the fallacies mvolved m attempting to 
figure out any general precentage but felt that the condition tnll probably be 
more frequently reported as knotvledge concemmg it becomes more general 
Some of the reasons for these tride limits are 

1 The diSculty m identifymg the young cells of the different strains Doan, 
Dameshek and many others have called attention to this factor and it is a com- 
mon evpenence of most hematologists that those cases trhich are seen m the 
acute stage — ^particularly if most of the cells are vert* young — are eidremely 
difficult to classify One observer tvdl consider the blasts as myeloblasts whereas 
another mav call them monoblasts In those geographical areas where interest m 
monocytic leukemia runs particularly high, the tendency wiU be to call them 
monoblasts Supra-vital stainmg wdl tend to mcrease the number which are 
called monoblasts 

2 Sad experience has taught the present author that the picture seen m the 
blood will vary greatly from week to week or even from day today Thus 
‘ monocytic days are occasionally seen m the course of myelocytic leukemia as 
noted m a case under observation at the present time and described later m some 
detail [Myelocytic outpourmgs m the course of monocytic leukemia are very 
frequent and one rarely follows a case over a considerable time without finding 
some myelocytes m the peripheral blood At times myelocjrtes are so frequent 
on one or two examinations that one is led mto error of making a diagnosis of 
myelocj-tic leukemia Less frequently young lymphocytes are also seen Ob- 
viously if the case is seen only at the tune of the outpouring confusion m diag- 
nosis wiU ensue It is therefore wise to base one s diagnosis on the study of 
preparations made over a penod of some days and not on the results of one day’s 
observation Dameshek (3S 236) Schulz and Kruger (203), and Isaacs (104, 
251) have conjectured that the outpounng of both myelocytes and young lym- 
phocytes may be explamed by the fact that the stimulus to monocytes which is 
present m the bone marrow reticulum overflows mto the area of granulopoiesis 
m the one instance, setting myelocytes free mto the blood, and m the other m- 
stance, m the Ij-mph nodes, overflows to set free young*Iymphocytes 

3 The diagnosis has to be made mainly on the study of the cells m the circu- 
latmg blood as Beck, Dameshek, and Doan agree, and those laboratones where 
the supravital techmque is a routine procedure will tend to report higher per- 
centages of monocytic leukemia than those where the techmque is never or rareh' 
used Autopsy matenal and biopsy of h-mph nodes are not as helpful m the 
diagnosis of the leukemias as m most diseases However, supra-vital stainmg 
of bone marrow will aid greatly m clanfymg the diagnosis 
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Relation to infection 

Krahn, Sternberg and others have considered that we are not dealing with a 
disease at all but merelj* with a siTnptom-comple’i and that this sjmdronie is an 
unusual reaction to infection In support of this contention it maj^ be said that 
there are several instances m which the response to micro-organisms is mono- 
cytic Thus a monocjdosis is seen at certam stages of tuberculosis and Sabm 
has descnbed monocjdiic mvasion of the early tubercle before its replacement by 
lymphoc 3 ’tic cells Certam of the j'east infections call forth a monocytic re- 
sponse and some of the other infections may have a penod of monocytosis 
However, descriptions of prolonged monocytosis of significant proportions and 
more particularly of all stages m the Me cycle of the monocjde are not available 
In workmg with the bacillus monocytogenes m rabbits Murray, Swan, and Webb 
(161) were able to produce a distmct monocytosis both m the penpheral blood 
and m the tissues, but then work has not found its counterpart m human bemgs 
smce the bacdlus has not been found m connection with monocytic leukemia 
Wj^schegorodzewa (228) descnbed a case of monocytic leukemia with a positive 
blood culture of staphylococcus and Elumpp and Evans (112) found the Bacdlus 
coh m blood culture from one of then cases but m each instance the cultures 
were probably merety terminal as they had been preceded by'^ negative cultures 
Vmcent’s spirdla have been noted many tunes m smears from the mouth lesions 
seen m the disease (Klumpp and Evans (112), Lawrence, Josey and Young (125), 
Lenne (129), Whitby^ and Chnshe (224), and others) Then presence is not 
diagnostic and may be due to the absence m the lesions of protectmg granulocytes 
as m mahgnant neutropema Foord and Parsons (64) found the staphydococcus 
m the leukeimc lesions and Elumpp and Evans (112) isolated the Bacillus pyo- 
caneus As the case reports multiply without any’^ real evidence for bactenal 
ongm of the disease, the hypothesis that it is due to any’' specific micro-orgamsm 
or IS an unusual reaction to several different bactena becomes less and less ten- 
able just as it has m respect to the other forms of leukemia, m spite of its chmcal 
smnlanty to infection 

The various laboratory’’ tests for sy^phihs, and the Paul-Bunnell reactions have 
been consistently negative 

Metabolic background 

Concemmg the possible metabohc background for the disease much is con- 
jectured and recently' a good deal of suggestive evidence has been submitted 
Follo'wmg studies of the effect of tuberculo-hpoids on monocyde-epitheloid 
proMerahon reported by' Sabm and Doan (42) and confirmed by' others, Doan 
and Wiseman (43) suggest and present certam supportmg evidence that dis- 
turbance m hpoid metabohsm may play' a part m monocytic leukemia, particu- 
larly' m the chrome cases They call attention to the foUowmg probabilities 
(1) the selective phagocytosis of fats by monocytes, (2) endence of eveesa o 
plasma hpoids m cases of monocytic leukemia, (3) the occurrence of monoc^ic 
hvpeiplasia in other diseases associated -with prov ed disturbance of fat me a 
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olism (tuberculosis, Niemaim-Pick’s Disease, Hand-Scliuller-CIinstiaii’s Dis- 
ease, Gaucher’s Disease, and possiblr Hodgkin’s Disease), (4) the fattj* vacuoh- 
zation of the monocji:e In this connection they discuss the case reported by 
hlarchal and Bargeton, nhich seemed to show a transition from Hodgkm’s 
Disease to monocj’tic leukemia during a period of observation hlore recently 
hldler has stated that there is a close relation between Hodgkm’s Disease and 
Chrome aleukenuc monocytic leukemia and Osgood feels that there is much 
probabihty that the two conditions are identical Doan and Wiseman feel that 
monocytic leukenua begins as a disturbance of fat metabohsm which results m 
monocytic proliferation Thej* feel that chrome cases can possibl}^ be con- 
trolled to a certam extent by care of this disordered state When the reaction 
has reached an irreversible state, a neoplastic disease ensues 



Chakt 4 Shows the REtmoN of Cektuv Blood Cells to Dise«e 
Reproduced bj permission of Dr Charles Doan 


Relation to neicgrowth 

jMany pathologists have mamtamed for a long time that the acute form of the 
disease is a new growth Latterly hematologists and chmcians ha%e leaned 
more toward this new This opmion is suggested by the fact that the cells are 
found mvadmg nearly all the tissues of the body m a most unbndled manner 
Lesions of the bones, which appear veiy similar to those seen m the metastases 
of caremoma, have been demonstrated The cells themselves partake of irregu- 
lar mitotic division m areas where mitosis does not normally occur A great 
deal of experimental work has been done on nuce with a neoplasm simulatmg 
very closely monocj-tic leukemia of human bemgs Thus, J Furth (76) and 
J and 0 Furth (75) have produced this new-growth bj' the mjection of ben- 
zopjuene and ha^ e studied resultmg neoplasms of the monoesde m mice hi 
Lewis (131) reports on the transference of mouse neoplasms and on tissue cul- 
tures m this mouse disease While this evidence is not directly conclusive, 
it has seemed to many hematologists that the acute form of monocsdic leukenua 
partakes m many ways of the nature of neoplasms Whatever else maj' be said 
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of its fundamental nature, it must be admitted that it resembles climcallj’ the 
other forms of leukemia very closely 

PATHOLOGY 

The pathological lesions of monocj’tic leukemia are CYtremel}'' mdespread, 
and eventuaUj^ nearl}'’ all the organs of the bod}' may be mvaded b}' the t 3 ’pe cell 
unless death ensues before dissemination of the cells m general or unless there is 
some obstruction to dehvei}* of cells to the penpheral blood such as apparently 
occurs m the subleukenuc cases Under these latter circumstances it may 
happen that the distortion of normal ph 5 'siolog 3 ' is hmited to those organs which 
contam a large quota of reticulo-endothehal tissues such as the bone marrow, 
spleen, and Ij'mph nodes 

The spleen is nearly always enlarged though the increase m size may come 
onl}' late m the disease and m other mstances ma}' be found only at post mortem 
examination and not be e^^dent chmcaUy The hver is enlarged almost as fre- 
quentl}’^ as the spleen and has seemed to this author to be a more constant finding 
m this tjTie of leukerma than m the others The lymph nodes are ver}’’ often 
enlarged and tender though it has seemed to some writers that their enlargement 
IS sometimes secondary to areas of adjacent infection and ulceration The hone 
marrow has given endence of change m structure m nearly eveiy mstance in 
which it has been submitted to stud}' 

In the acute cases ulceration m the oral ca\'it}', hemorrhage mto the skm and 
digestive organs, and painful enlargement of the l}'mph nodes are frequently 
obseix'ed m addition to the findmgs noted above In the chrome cases the 
spleen, hver, and l}Tnph nodes are also palpable but ulceration and hemorrhage 
are less often noted Skm nodules, bullae, and purpura are frequently present 
m this group 

Gross pathology 

At post mortem exammation the outstandmg pathological processes obsen ed 
are hemorrhage, ulceration, and h}perplasia of the reticulo-endothehal tissues 

Hemorrhage is seen m nearly aU cases and has been described m the skm by 
many observeis Both purpura and petechiae have been reported on many 
occasions and the “hemorrhagic diathesis is ver}' e\'ident” (Schultz and I^ger 
(203)) Hemorrhage from some area m the oral canty is extremely frequent and 
the gums seem to be more often mvolved than any other smgle structure Bleed- 
mg from the stomach is not infrequent The pleura, pencardium, pentoneum, 
menmges and kidneys have also been found to be hemorrhagic (Lawrence, Josey 
and Young (125)) 

Leukemic thrombosis of the heart itself was desenbed by Orr (look ana 
Edumpp and Evans (112) found thrombosis of the puhnonai}' arter}' by leukemic 

cells 

Anemia of all organs is the rule unless the disease is so acute that there is no 
tune for its development Ulceration wrth necrosis, pseudo-membrane forma- 
tion and gangrene is % ery' often seen and may be climcally similar to tha seen 
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m malignant neutropema The oral cavity is the commonest site for these 
lesions and the gums and buccal mucosa are particularly hable to mvolvement 
The trachea and larjmx may present ulcerabon as observed b^' Schulz (202), 
Bock and TViede (20), Schilling (200), Wj-schegorodzewa (228), and others 
Ulcerabon is seen m the stomach and jejunum and vhen present m Beyer’s 
patches is similar m appearance to that found m tj^phoid fever (Orr (165), 
Sc hillin g (200) Hittmair (99), and others ) 

Hyperplasia of the rebculo-endothehal structure has been noted m the bone 
marrov by Osgood (166) and others, m the spleen by Schilling (186), Osgood 
(166), Bock and Wiede (20), Kliimpp and Evans (112), and ma ny others 
Increase m size of pracbcaUy anj”^ organ may be present due to mfilbabon by 
monocjdes m large numbers 

MICHOSCOPIC PATHOLOGY 

Infiltrabon of the skin by monocytes together uith hemorrhage has been noted 
by a great many authors and has been descnbed m detail by hlitcheU (155), 
Osgood (166), Elumpp and Evans (112), Schilling (186), Sydenstncker and 
Phimzy (212), and Whitbj^ and Chnsbe (224) 

There is hemorrhage, ulcerabon and a notable lack of granulocytes m the 
lesion of the mucous membranes as has been descnbed by Bmgel (15), Hittmau 
(99), Orr (165), Schilling (200), and Wyschegorodzewa (228) 

Prohferabon of the smus rebculum has been noted m the spleen by Bmgel 
(15), Schilhng (186), Ugnmov (217), Wyschegorodzewa (228), and others 
Distorbon of the normal architecture ivith thickenmg of the stroma, areas of 
necrosis, hemorrhage and distention of the smuses has been repeatedlj’^ found 
m the spleen and hunph nodes 

In the hver sloughmg of Ghsson’s Capsule and infiltration vrth monocytes 
has been descnbed by Gittens and Hawkesley (81), Grenet (88), Klumpp and 
Eians (112), Levme (129), Ugnmov (217), and Wj'schegorodzewa (228) 
Swelhng and edema of Kupffer’s cells has been noted bj* Dameshek (38), Bock 
and IViede (20), Urgunov (217), and Wyschegorodzewa (228), but hlerklen and 
Wolf (148), Watkins and HaU (220), and others have found that thej* remam 
normal Increase m the number of rebcular cells, hemorrhage and areas of 
necrosis have also been reported 

Dameshek (38), Swirtzchewaja (211), and Wyschegorodzeva (228) hai e called 
abenbon to the presence of myeloid islands m the bone marrov smuses (mtra- 
■rascular ongm) and Dameshek (236) and others hai e postulated that this fact 
eyplams the presence of young granular cells m the penpheral blood He feels 
that the stimulus vhich gives nse to the abnormal producbon of monocrtes m 
the bone marrow rebculum may overflow mto the granulo-poietic area and cause 
this condibon Infiltration with monocytes and general rebculum hyperplasia 
are the rule and have been noted so often that reference to mdindual pubhca- 
tions does not seem necessary Late m the course of the disease mA'elophthisic 
marrow is apt to be seen due to crowdmg out of the normal structures by mono- 
cytes 
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of its fundamental natuie, it must be admitted that it resembles clinically the 
other forms of leukemia verj'' closelj'' 

PATHOLOGY 

The pathological lesions of monoc 5 d;ic leukemia are extremely widespread, 
and eventuallj^ neaity aU the organs of the body ma}^ be mvaded by the t 3 'pe cell 
unless death ensues befoie dissemmation of the cells m general or unless there is 
some obstruction to dehverj- of cells to the penpheral blood such as apparent!}' 
occurs m the subleukemic cases Under these latter circumstances it may 
happen that the distortion of normal phj'siologj' is limi ted to those organs which 
contam a large quota of reticulo-endothehal tissues such as the bone marrow, 
spleen, and Ijunph nodes 

The spleen is neaity always enlarged though the mcrease m size may come 
onl}' late m the disease and m other mstances maj' be found onl}' at post mortem 
exammation and not be emdent chmcallj' The hver is enlarged almost as fre- 
quentl}' as the spleen and has seemed to this author to be a more constant finding 
m this tjqie of leukemia than m the otheis The Ijunph nodes are verj' often 
enlarged and tender though it has seemed to some wnters that their enlargement 
IS sometimes secondary' to areas of adjacent infection and ulceration The bone 
marrow has given endence of change m structure m nearl}' everj' instance m 
w’hich it has been submitted to study 

In the acute cases ulceration m the oral cavity, hemorrhage mto the skm and 
digestive organs, and painful enlargement of the Ijmph nodes are frequently 
obseived m addition to the findmgs noted above In the chrome cases the 
spleen, hver, and lymph nodes are also palpable but ulceration and hemorrhage 
are less often noted Skm nodules, bullae, and purpura are frequentl}' present 
m this group 

Gross pathology 

At post mortem exammation the outstandmg pathological processes obsen'ed 
are hemorrhage, ulceration, and hj^perplasia of the reticulo-endothehal tissues 

Hemorrhage is seen m nearl}' all cases and has been desenbed m the skm by 
manj' obsenmrs Both purpura and petechiae haie been reported on many 
occasions and the “hemorrhagic diathesis is veo* endent” (Schultz and Ifruger 
(203)) Hemorrhage from some area m the oral cant} is extremelj" frequent and 
the gums seem to be more often mvolved than an}' other smgle structure Bleed- 
mg from the stomach is not infrequent The pleura, pencardium, pentoneum, 
menmges and kidneys have also been found to be hemorrhagic (Lawrence, Josey 
and Young (125)) 

Leukemic thrombosis of the heart itself was described by Orr (loo;, ana 
Klumpp and Evans (112) found thrombosis of the puhnonai^' arter}' by leukemic 

cells 

Anemia of all organs is the rule unless the disease is so acute that there is no 
time for its dei elopment Ulceration with necrosis, pseudo-membrane oima- 
tion and gangrene is vein- often seen and may be clmically similar to t a seen 
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tecliiuqiie be stamed m the tissues sufBciently well to be easily differentiated 
Zklatenal from bone marrow punctures lends itself particularlv well to stammg 
with t anous dyes 

In the fixed spread there is usually httle difficultt’ m recognizing the adult 
cells of this senes but when one meets the immature membei-s of this stram 
greater ditnculn- is freqiientlv encountered It is m these mstances that the 
supra-Tital techmqiie is a necessarc adjimct to diagnostic methods emploved m 
the exammation of both blood and bone mairow Although htang cells of the 
blood were exammed prenous to the work of Sabm (197) and her collaborators, 
the leadmg exponents of tins form of blood stiidv and particularly ot its apphca- 
tion to clinical hematology hat e been recnuted from her group and Doan (237) 
has stressed the a er\' real practical mipoitance of supra-ntal studies In fact 
even* blood di'scrasia is studied routmely m his laboraton* and chmc ba* tins 
method and his final judgment is frequentla largela* based on the lesults of this 
mode of studa* of the blood and bone-marrow m difficult cases 

In preparations of the blood or tissues made by the fixed stam method the 
monoca*te is seen as a large round or oval cell anth round oaal or mdented 
nucleus The ca*toplasm of the cell is abundant and stains homogenotisla- 
blue-graa* m a manner frequentla- reierred to as ground glass While the 
much discussed azurophile gi-mtiles are usuallv grouped about the hof’ of the 
nucleus this is not alwaa-s the case and thea* ire sometimes seen m the penphen* 
of the caaoplasm At some time m the course of most cases of monocvtic 
leukemia monoca-tes are fotmd which show a-acuolization of the ca-toplasm 
These aactioles haa-e been considered ba* some obsera-ers as eaadence of fatty 
deposits in the cell Thea* are found more frequently m this stram of leukemic 
cell than m either of the other two Clough (30) obseraed a tendency of the 
granules to group about phagocauosed mclusions Occasionally phagocauosed 
red blood cells can be seen shmmg through the caioplasmic covermg The 
nucleus is round oval mdented or tavisted upon itself, usiiaUa* eccentnc m posi- 
tion and surrounded ba- a permuclear clear space ’ It is large a-esicular and 
gia es the impression of marked thinness with a'era sponga*’ chromatm network 
It stams from fight red to purple m color Xucleofi are usually present but their 
absence does not mihtate agamst classmg the cell as a monoca-te as some work- 
er? haa e held nor does their presence indicate that the cell must be assigned to 
another stram as others haa e field There are rarela* more than tn o nucleoli 
in ana- one nucleus In the fixed smear eaadence oi motilita- of the cell is fur- 
mshed ba the presence of frequent cells aaatfi irregular ca-toplasmic contours 
These are a\hat avere described ba the earlier aaorkers as pseudopods 

Monoblasts are trequentla- smaller than adult cells Thea- are round or oaal 
and the nucleus is iisualla- round or sfightla oaal Xucleofi are ustiaUa -^een 
The a otingest of these cells resemble a era closela- ma-eloblasts and la-mphoblasts 
The cell substance is made up of dense blue ca-toplasm the chromatm is mottled 
and purple m color Xucleofi are relatiaela large and roughla- sphcncal As 
the cell grows to niatunta- the ca-toplismic granules become smaller ind stain 
less deiisela Azuroplulic granules do not appear until the promonocate stage 
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Proliferation of tlie reticulo-endothelial structures in the lymph nodes is verj' 
often reported and as Dameshek has pomted out may accoimt for the presence 
of young lymphocytes m the circulating blood just as the similar state m the 
bone marroTv may produce young granular cells Necrosis and hemorrhage 
are verj’- frequently seen m the lymph nodes 

Infiltration Tilth’ the t^qie cell, necrosis and hemorrhage may be seen m almost 
any of the organs if the course of the disease is protracted 

Because of the controversy concermng the existence of chrome forms of the 
disease, the pathological conditions which have been described m certam in- 
stances are discussed at some length In general it maj’’ be said that the lesions 
seen m acute cases are often dupheated m those which run a subacute or chrome 
course, though ulceration and necrosis of the mucous membrane is less common 
Hemorrhage is frequent and proliferation of the reticulo-endothehal system is 
the rule hlost of the organs are infiltrated by monocj’tes just as m the more 
acute cases Enlaigement of the spleen, hver, and l 3 Tnph nodes has heen vei^' 
often reported Thus m cases which have sunaved for thirt}’’ or more weeks 
hemorrhage mto the skm has been found bj’^ Komiya (113), Swirstchewaja (211), 
Bohne and Huismans (17), Sj’^denstneker (212), Dubmskaja and Batalchuk (46), 
Orr (165), Osgood (166), Foot and Olcutt (65), Forkner (22), Gnffin and Wat- 
kins (79) IMitcheU (155), Whitb 3 ' and Christie (224), Klumpp and Evans (112), 
Roversi and Salans (194), and others Ulceration of the skm and mucous 
membranes has hkewise been found by man 3 ’' observers Doan and Wiseman 
(43), Dubiskaja and Bakalchuk (47), Farle 3 ’’ (57), Foot and Olcutt (65), Forkner 
(66), Klumpp and Evans (112), Komi 3 ’'a and Ha 3 ’'ashi (113), hlitchell (155), Orr 
(165), Osgood (166), PoweU (181), Roversi and Salans (194), Schwirtschewskaja 
(211), S 3 ’^denstncker (212), and Whitb 3 ' and Chnstie (224) Likewise enlarge- 
ment of the spleen, hver and bmph nodes m chrome cases has been noted m 
Dubmskaja and Bakalchuk (47), Forkner (66), Klumpp and Evans (112), 
Komi 3 'a (113), hlarchal and Lemome (141), IMitchell (155), Osgood (166), 
Roversi and Salans (194), Swirtschewskaja (211), Bohne and Hmsmans (17), 
j\IaUor 3 ' (23), Powell (181), and S 3 "denstncker and Phimz 3 ’ (212) all report 
enlargement of the spleen and hver 

Perhaps the most charactenstic findmg m the lesions of the chrome cases is a 
histological picture ver 3 ’^ similar to or identical with Hodgkm’s Disease Eosino- 
phdia is marked and Doroth 3 ’^-Reed-Stemberg cells are also seen Alarchal and 
Bargeton (139) called attention to this similant 3 ’ and it has smee been noted by 
Doan (43), Miller (154), and Osgood (166) 

Thus it would seem that the pathological features of the disease which are 
present m the acute cases are all seen also m those vhich run a subacute or 
chrome course 


MORFHOLOGV 

The monoc 3 de is a large cell, its diameter varjmg from fifteen to thii^' micra 
It IS normally larger than the pol 3 Tnorphonuclear granular cell i JS 

easier to stam m the blood spread than m the tissue, it can, with the proper 
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teclmique be stained in tbe tissues sufficiently vrell to be easily difieientiated 
;Matenal from bone maiTow punctures lends itself particularlv ivell to staining 
■pntb vanous dyes 

In tbe fixed spread there is usuallv bttle difficulty in recognizing the adult 
cells of this senes but when one meets the immature membeis of this strain 
greater difficult^- is frequentlv encounteied It is m these instances that the 
supra-iatal techmque is a necessari* adjimct to diagnostic methods employed in 
the exammation of both blood and bone mariow Although hymg cells of the 
blood were exannned prenous to the nork of Sabm (197) and hei collaborators, 
the leadmg exponents of this fonn of blood studv and particulailv of its apphca- 
tion to cluneal hematologt- have been reenuted from her gioup and Doan (237) 
has stressed the i eiw real practical importance of supra-vital studies In fact 
every blood dvscrasia is studied routmelv m his laboratory and chmc bv this 
method and his final judgment is frequently lai-gelv based on the lesults of this 
mode of study of the blood and bone-miirow m difficult cases 

In preparations of the blood oi tissues made by the fixed stam' method the 
monocyte is seen as a lai'ge loimd oi oval cell with round oval oi mdeuted 
nucleus The c\-toplasm of the cell is abundant and stams homogenously 
blue-grai m a mannei frequently refeired to as ground glass HTule the 
much discussed azurophile granules are usualh grouped about the hof ’ of the 
nucleus this is not alwavs the case and thev are sometimes seen m the penpherj- 
of the cytoplasm At some time in the couise of most cases of monocvtic 
leukenna, raonoci'tes are found which shon vacuohzation of the cytoplasm 
These tacuoles have been considered bv some obseixers as endence of fatty 
deposits m the cell They are found more frequenth m this stram of leukemic 
cell than m either of the othei two Clough (30) obseiwed a tendency of the 
granules to group about phagocytosed mclusions Occasionally phagoci-tosed 
I'ed blood cells can be seen slumng through the citoplasmic covermg The 
nucleus is round, o\ al indented or tnasted upon itself, usually eccentnc m posi- 
tion and sui rounded bv a pennuclear clear space ’’ It is large i esicular, and 
gives the impression of marked tlimness with \ en- spongi ’ chromatm network 
It stains from fight red to purple m coloi Xucleoh are usuaUi present but their 
absence does not mihtate agamst classmg the cell as a monoci'te as some work- 
ers hai e held, noi does their presence indicate that the cell must be assigned to 
another stram as others hate held There are rareh more than two nucleoh 
in any one nucleus In the fixed smeai evidence of motihtv ot the cell is fiir- 
mshed bv the presence of frequent cells with irregular cvtoplasnnc contours 
These are what were de^^enbed bv the earher woikei-s as pseudopods ’ 

Monoblasts are frequently smaller thm adult cells Thet are round or otal 
and the nucleus is usiiaUt round or slighth o\ al Xucleoh are usuaUt seen 
The \ oungest of these cells resemble \ en closely rat eloblasts and lymphoblast^ 
The cell substance is made up of dense blue cytoplasm the chromatm is mottled 
and purple in color Xucleoh are relatiteh laige and rouglilv ^pliencal As 
the cell grows to matuntt the cvtoplasnnc granules become smaller and stain 
less densely Azuroplulic granules do not appear until the promonocyte stage 
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Blood Spre\d of C\se 1 (Klumpp ^nd E\ \ns) X 500 
The c% topHsm is ibundiiit ‘ind homogt ncous The nucleus is hrge and of nnin dif- 
ferent sh'ipes from ioughl> lound to ictunllj kidnet -slnpcd oi lobuhtcd Nucleoli arc 
seen The irregultr cjtopl'ismic outlines nre c\ident llie daik aiois in the red blood 
cells lie irtefncts 
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IS reached but some vacuohzation may be seen m the later monoblasts Graphic 
representation of the changes occumng m maturation is reproduced by permis- 
sion of Doan 

In supra-vital studies under the direcaon of a hematologist thoroughlv famihar 
with the technique the monocyte can be easily distmguished and the monoblast 
can usually be identified Characteristics oi this cell are (1) surface film mo- 
tihn- (2) groupmg of the vacuoles stomed vnth neutral red m a rosette usually 
mthe hof of the nucleus (3) scattered fine rmtachrondna stamed with Janus 
green Actual motihty is seen only when prolonged study is made and is dem- 
onstrated best by movmg picture films Supra-vital studies can be made m 
the laboratorv but preparations of the matenal must be made immediately upon 



Chu>t 5 Show? GR-\rnic\LLT tie STFrcTra-*L Cf->ge? which Occup i\ the Vcpjors 
Blood Cell? dc^inc !\Lvrvp-vno'. 

Ueoroduced b> o^mussion oi Dr Chirles Doan 


withdrawal of the blood or bone marrow If kept m the icelxiv at optimum 
temperature the cells remam alive for some hours occasionally as long as twenty- 
four hours but after being placed upon the microscope stage their life does not 
usuaUv exceed one-half to one hour 

Although the value oi the peroxidase stam has been lound to be less than that 
of the supra-vital techmque it is of sufficient importance to be used in selected 
blood dvscrasias Monocttes iisuaUx stain posiPveh but not as deeplv as 
m\ elocvtes and the number of granules is less For more detailed description 
01 these cells the reader is referred to a recent publication of Beck 1 14 i 

HEWATOLOGl 

In am discussion of the blood it must be remembered that what one actualh 
sees in the penpheral blood is a paride of cells from their source of ongin to 
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Blood S? 2 Sad or CiSE 1 Klt’'?? v^■D Evosi X 503 
The cvtoolosm is aburdr.nt and nomoneneous The nuc’eus is large and oi mani di - 
ferent sn^nes iroin ’■ougalv -ound to actuaU- ‘ndnev-shaord or lobulaicd Xnc''eo'i a'^e 
seen Tne iTegnlar cjnoplasnnc oathnes a-e endent The da'h a-eas in the ’■ed blood 
cells are atei-cts 
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of mmiiture cells from dny to d^y and this is actiiaUv the case Sometimes 
shmvers of this ti'pe of cell appear and then disappear suddenlv Some reports 
haie been made of mdinduals m ivhom the vast majontv of cells were pro- 
monocrtes or monoblasts (Farrar and Cameron (5S) S6^, Levme (129) 76^^ 
Lvnch (136) 90*^ Eversen (53) and others at one oi more exammations 
Some caution should be used in mterpretmg these figui-es smce not all observers 
are m agreement as to what constitute the cntena tor identification of the 
monoblast 

As for the at erage monoctAe count ot the acute case it seems fan to say that 
the coimts varv so widelv m any mchnduil tiom dat to dav and from mdividual 
to mdividual that it is useless to take inv figure as at erage Thev mav virv 
all the wat from a few thousand to four hundred thousand per cubic milhmeter 
The same holds true in the subacute and cliromc cases 


MONOCYTIC LEUCEMIA 
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Crapt 6 Shows the Blood lnd Bone ^Llrrow Findincs in Relation to the Clinical 

Ob^era tnoNS 

Coimts of the Ivmphocvtes t arv chrectlv tvith the damage done to the Itonpho- 
gemc tissue Cntil the damage is set ere changes mav not be great though the 
normal honphocvtic-monocvtic ratio is retersed terv early A'Diing Ivmpho- 
cttes and Ivmphoblasts are sometimes obsen ed and Dameshek feels these arc 
due to stimulation of It-mphoid tissue bv adjacent reticular ot ergrowth 

From what has alrcadv been said it would seem obtaous that the granulocvte 
counts arc not much changed earlt m the disease since the granulo-poietic portion 
of bone marrow is usually spared for some time but the appearance of a few 
mt elocvtes is almost umt ersal m those cases where thev arc sought lor carcfuUv 
and occasionallv thet arc present m rather laige proportion (Le Blave and Clnr- 
dac (127) case 30'lr Doan and Wiseman (43) case 33'^') Later m the course 
of the disease when there is mt tsion of the bone marrow tvith crowdmg of the 
mveloid tissue granulo-poiesis is damaged granular cells arc grcatlv reduced in 
number and teer to the lett bt the same mechamsm described bt Dameshek 
ijometimes almost complete agranulocvtosis occurs together wath the tvjncal 
clinical entitt of angina (Himipp and Etans (112)1 
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their destination in the tissues” (Doan (237)) With this concept in mind it is 
far easiei to undeistand the extreme vanation m numbeis of cells and their 
moiphological ehaiactenstics nhich is so often obsen^ed in leukemia In no 
other foi-m of leukemia is this more true than in the monocj^tic tj-pe In this 
disease the blood i effects direct^ vliat is gomg on m the spleen, hnnph nodes, 
bone maiTov , and other organs hanng reticulo-endothehal stnicture 

The monocjdes of the ciiculatmg blood are identical vath those seen in the 
spleen and hanph nodes As has alieadj' been stated, these are the aieas wheie 
production and matuiation nornially take place and it is m these areas that the 
first endence of change m numbei and stimctuie of cells occurs vhen leukemia 
develops Pie==umably these changes begm some tune befoie dehveiy of cells 
to the ciiculation is effected and some cases of reticuJo-endotheliosis mthoiit 
large numbers of circulatmg monocjffes but vith t^yncal pathological findings 
in the tissue (subleukemic vaiiety) hare been leported One leason foi this 
assumption is that in those mstances vheie penpheial blood is lelatu elv nomial, 
l3mph nodes lemoied foi biops3' are found to be t3’pical of the disease Of 
course these cases aie usuall3' of the chionic t3'pe Another leason for this 
assumption lies m the fact that some mdmduals ma3' show slight qualitatne 
changes m the blood picture foi some time and then the blood suddenl^ becomes 
maikedh’ leukemic in chaiactei both qualitatneh and quantitatn elv One 
mav liken the condition m the spleen and hunph nodes to that of a stream vheie 
a dam is suddenh" established vatei is piesent in the resen on for some time 
befoie it appeals belov the area of obstniction 

In an acute ease of the disease monoc3i;es multiph' in the spleen and h mph 
nodes rapidh' In the vast majont3' of acute cases the3' are delnered to the 
ciiculatmg blood m large numbers and are thus transported to other tissues 
nhich thei' iniade Usualli’ a good many 3 oimg monocj'tes, 01 piomonocitcs, 
are also present in the penpheral blood and m most mstances vheie the blood is 
examined on numerous occasions monoblasts are found at •^ome examination 
It is probable that in most reported cases vhere the monoc3’tes are descnbcd 
as almost entiieh" of the matuie tiiie, there vere occasions vhen lounger cells 
might have been found had examination been made 

Occasionalh descnptions of the di>=ease haie appeared m 11 Inch the blood va« 
aleukemic but in iihich the course 11 as short In tlie^e mstances delii en of celb 
to the circulatmg blood nught be assumed to be impeded and one iiould expect 
to find the usual tissue endence of the disease This is exemplified bi the re- 
ports of certain cases b3’ B3koiia (22), Grenct (88), and others, iMarchal (140), 
and others, Lenne (129), Penati and Len (176), Kato (110), 0=good (IGG), 
and bv others 

Since the delii en of the cells and then transportation to the tn-ucs is mi- 
doubtedh’ somevhat irregulai, one would expect great \anations m the number 
of cells m the circulatmg blood on diffeient examinations and this m what one 
finds Counts ma3 i an as much as 320,000 m a few dai s (Klumpp and Ei ans 
(112)) and increa^e"^ or decrea'^c^ of ^e\eial thousand ma\ be rccordc on on 
suing da3 s B3 the «ame token one would expect great \anation in the mim icr 
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acute case duration is measured m da vs or weeks m the sub icute case m months 
and m the chrome case m years 

lake other forms of leukemia cases oi aleukemic tvpe or with aleukemic m- 
tervals do occur though the most common form is the leukemic type In this 
respect it should be remembered that it is tar easier to make the diagnosis m 
those cases where monoevtes are m abundance m the penpheral blood than m 
those where the penpheral monoevte c-oiint is low m spite of the fact that the 
tissues supply mcontrot ertible evidence oi the disease Undoubtedly manv 
such cases are never brought to the attention oi the hematologist and are consid- 
ered to be merelv unusual reacnons to iniections or are net er diagnosed at all 
Such cases have been reported by Bvkowa (22\ Gregg ^S71 Levme (129') 
Penati (176) Kato (1101 Osgood Odd' and others 
Cases begmnmg as leukemic ttpes with high penpheral white cell counts and 
endmg with or at least havmg mtervals oi leucopema have been reported by 
Marchal(140) Klumpp and Evans (112 1 Tulharxi (lOS) and others So far cases 
starting out as nolvcnhemii and endmg as npucal cases of monocvtic leukemia 
have not been desenbed though it is reasonable to expect that such cases do 
occur and wdl eventuaUv find their wav mto the hteniture 

Combmation of this disease with vanous neoplasms has been noted bv Gittens 
and Hawkeslev (Sl^ Mesrupvan (151 Gump (SO") and bv others 
Skm lesions have been noted bv manv observers and several of the cases have 
been reported almost exclusivelv irom that standpomt as those of Montgomerj' 
and Watkins (156 157 15S) Lvnch (1361 Mercer (147) and others These 
lesions are varied m nature Petechiae are so common as to be almost the rule 
Purpunc lesions have frequentlv been noted Nodules which mav either disap- 
pear or break down mto ulcers seem to have been the lesions of major mterest 
to the dermatologists BuU le have also been desenbed in these cases One or 
several of these ^kin lesions is usuillv present at some stage of the illness and 
disturbances of the sort are f ■>r more common than m the other tvpes of leukemia 
Ulceration of the gums and bleedmg from them have been reported m a vast 
majonty of cases — verv frequentlv as the first snnptom — and therefore it is 
not uncommon to find that the panent visits a dentist for the removal of a tooth 
or teeth before he consults the phvsician Bleedmg is often found to be mtract- 
able and the mdindual consults an mtermst for th‘’t reason Lesions of the 
throat are not as common as those oi the gums but angma and ulceranon hat e 
been reported verv often 

The spleen is usuallv found to be somewhat enlarged and ought be said tvpi- 
caUv to be intermediate m size between that of hmphanc and that of mvelo- 
genoiis leukenua Cases haie been found m which the spleen was normal 
throughout the course oi the disease (Bikowa (22) Clough (31) Orr (165) 
Dameshek (3S) Farlei (57> and mam others) 

The h\ er is freoiienth 1 irge and is occasional! v palpable in instances where the 
spleen is not enlarged It is mv impression that this orgm is more frequently 
enlarged earlv m this tvpe th in m the other tvpes of leukenua 

L ndoubted eases of the diseaio without anv hauiih-adenopathv are on record 
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■\^Tiat has been said of the granulai cells applies almost exactlj^ to the red cells 
also The mechamsm is the same and the counts aie relativelj' normal until 
myelophthisic mariov develops From that time on anemia is se^ ere, of rapidh 
mcreasing mtensity, and 3’oung red cells aie often seen 

The thiombopoietic function of the maiioiv is fiequentlj^ depiessed eaih and 
low thrombocyte counts are often found in this t3'pe of leukenna 

The hemoglobm and serum non le\els paiallel roughl3’^ those of the red cells 
and aie also measures of the mtensit3' of the bone mairov damage 

SYMPTOMS AND PHTSICA.L SIGNS 

It was assumed some of the eaily noikeis that onl3’' an acute of the 
disease exists but toda3^ there is little doubt of the clmical existence of subacute 
and chiomc foims as ivell This fact is vei^"^ impoitant since it allows the inclu- 
sion of numeious cases vhich satisf3' all othei lequirements of the disease and 
smce it lounds out the chsease entit3’ to confomi mth that of the othei leukemias 
Subacute cases veie eaih' descnbed b3 Fleischmann (62), Komi3a and Haiashi 
(113), SvTitschevkaja (211), W3'schegoiodzeva (228) and Failey (57) in all of 
vluch the duiation vas between tlmt3' and foiti-fiie veeks Lavience (125), 
and others, and Cuatiacasas (36) descnbed cases which weie known to exist foi 
fift3'-six weeks Howevei, it was not until Doan and AViseman’s (43) classic 
descnption in 1934 that all doubt of the existence of the less acute foims of the 
disease seems to have been lemoi ed ]\Iaichal (140), and othem, Osgood (16G), 
Gienet (88), and his collaboiatois, Rmeisi and Salaiis (194), haie all descnbed 
cases which In ed for ovei two 3'eais Some of these cases hai e lemained chionic 
thioughout the entiie couise of the disease and othei'S haie had distinct lemis- 
sions such as Fleischmann’s (62) and !Mallon ’s (23) cases Now if this disease 
IS subject to 1 emissions and has long-endunng penods of relative freedom from 
simptoms, cases ma3’ fiequenth' occui in which the disease has existed foi a long 
time befoi e diagnosis is made In these instances it is quite reasonable to assume 
that some acute episode might be simph the match which lighted a fiie alreadi 
laid with tmdei Tlus has led m one instance (Humpp and Eians (112)) to 
legal discussion as to the aieiage duiation of the disease and aierage life e\- 
pectanev of an mdmdual who suffei-s fiom the condition It must be obiious 
to anv one who has studied the subject that no generalization can be applicable 
m anv giien patient in this lespect and that each case should be judged on its 
own ments 

far the majont^ of cases ha\e been of shoit duiation after the diagno-i-- 
was once made In some mstances onh a few dais haie elapsed fiom the time 
of diagnosis to death while m others the duiation has been as long as two hundred 
weeks Exact figures as to the aieiage duration do not seem to be of great 
value smce so manv factors enter into the determination Thus the disease mai 
exist foi a long time before its disemen and since the duiation is usualh gi\en 
on the basis of the first snnptom noticed bi the patient, the interjiretation o 
the histon taken bi one mdmdual is apt to diffei fiom that taken bi anof icr 
Howeier, it might be fair to 503 that from the time of diagnosis to death in tiic 
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Sbn lesions of long duration and of varied types are common In this group 
erfohative deimatitiSj nodules^ and ulcers are commonly described Lymph 
nodes may or ma\' not be enlarged, and the same holds true of the hver The 
course is long, usually measured by months and rarely m years The patient 
m general runs a course closely reminiscent of chrome lymphatic leukemia 
Death eventually ensues from exhaustion and mtercurrent infections or some 
circumstance unrelated to the leukemia 
Between the two extremes are the subacute cases which resemble the acute 
case m that they have the mouth lesions, and the chrome cases m that the symp- 
toms are minimal for a considerable tune after the diagnosis is made The 
tennmation may be similar to that of the chrome cases, or an exacerbation may 
occur resultmg m a picture no different from the acute tipie A division mto 
“subacute” is therefore a completely arbitrary one based on the tune mteival 
mtermediate between the acute course and the chrome one 
The blood counts m both the acute and chrome cases have been described 
elsewhere The aleukermc type may be either parallel with the acute or chrome, 
and may have the clmical feature of either one 

niAGXOSIS 

“Si sur la vaste sckie de la pathologie, vous deviez choisir im probleme 
parheuh^ement diffi cile, il est bien possible que votre choix s’arreterait sur le 
capitre des leucennes ” (Aimes Dias (40) ) 

Acute monocytic leukemia with high peripheral blood count and a large pro- 
portion of adult cells of this stram is not difBcult to distmguish from other syn- 
dromes The presence of proliferative lesions of the gums and throat, the 
thrombocj'topema, splenomegaly — ^between that of the other two types — the 
large hver, the relatively shght lymphadenopathy and the characteristic skm 
lesions all serve to make the diagnosis hkely It can be then confirmed by supra- 
vital blood studies and bone marrow exammation The blood m these tj'pical 
casK IS characteristic with many adult monocytes and a spnnkhng of yoimg cells 
and monoblasts But even m these apparently “text-book” cases one should 
examme a senes of blood spreads over a number of da^a or weeks if possible 
Only recently Doan has studied with me a case of mj-elocidic leukemia for a 
penod of twelve months Dunng this penod it was possible for him to demon- 
strate a complete cycle m the disease early m its course there was a preponder- 
ance of young mj'elocjdes and myeloblasts, this stage was followed somewhat 
later by a penod when the cells were begmmng to tend ton ard maturation with 
many mj-elocytes of greater age and a few band forms and adult pohmorphonu- 
clear granulocjdes StiU later the myelocides nearly vanished from tlie penph- 
eral blood At one exammation m this otherwise typical case, a shower of 
monocytes and monoblasts occurred so that they made up a large percentage of 
aU the white cells m the circulatmg blood Had this been the onlj- occasion on 
which the blood was exammed, a diagnosis of monocidic leukenua might ha\ e 
been made 

Recently (May, 1941) Hall and VTatkms reported a case obsened for a period 
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as those of Dameshek (3S), Cooke (33), Orr (165), Doan and Wiseman (43), and 
many others Sometimes there is general hmiphadenopathy but i-eri' often it 
IS limited to the cenncal nodes, drammg ulcerated gums, or tonsils 

eakness and pallor due to fever and anenna are almost the rule and there 
are ven- few who, on careful questiomng, do not admit the presence of the 
former sjmptom 

While most patients complam of weakness or some lesion of the mouth as a 
first symptom, there are some who complam of adenopathv, dyspnoea, edema 
of the feet, skm lesions, or gastro-intestmal disturbances Forkner (66) has 
given a particularly fine desenption of the phi sical signs and simptoms He 
calls attention to the preialence of mouth lesions, the size of the spleen (betvicen 
that of limphatic and that of mielogenous leukerma) and the usual limitation 
of enlarged hmiph nodes to the cemcal region From nhat has ahead v been 
said of the extreme lanation m signs and simiptom'^ it must be endent that, 
while these clmical findmgs are alnavs of great importance and mav sene to 
separate the tiincal case of monocyxic leukemia from t\-pical cases of the other 
leukemias there are mam- instances m which the diagnosis can be made onli 
after exhausting all possible diagnostic piocedures 

Fever is usually lugh m the acute tiTpe of the disease and lasts throughout its 
course Anemia and exhaustion dexelop lapidlv and frequentlv earlv Pneu- 
moma, bleedmg, heart failure, and othei mcidents have been found temiimlh 

So far no authenticated mstance of recox en* lias been reported and the prog- 
nosis IS always gnne mth exentual fatalitx as the outcome 

In the tx-]iical acute case of monocx-tic leukemia there is a prodromal penod 
of weakness and malaise This is short in duration and followed usualh bi 
abrupt onset of gmgintis, painful teeth, bleedmg gums, sore throat, or anx 
combmation of these sx-mptoms Gastro-mtestmal sx-mptoms max* be descnhed 
and occasionally a historv of dx suna oi hematuna is gix en On exannnation the 
patient is found to be extremely lU, is prostrated and pallid, and is found to hax e 
a high fex'er and tachxcardia Hemorrhagic areas in the skin are extrenielx* 
common In the acute form of the disease the gums shoxx proliferafix e, ul- 
cerated lesions, or there may be angma xnth a dirtx grax' membrane m others 
The Ix-mph nodes of the neck are fiequentlx large and tender under these circum- 
stances The other Ix-mph nodes are frequentlx- not mx oh ed The lungs are 
not inxolxed as part of the chsease. although secondarx infections are seen 
The heart rate is rapid, and if anemia ha= progressed, there is often a hemic sxs- 
tohe murmur The spleen is moderateix- enlarged and the liver w usualh 
palpable The course is febnle, the patient beconung more pallid and pros- 
trated, and death ensues m a fexx dax s unless the acute episode is rehex ed bx 
remission Pneumonia im'ections in x anous areas of the bodx , and heniorrhacc' 
m manx of the organs, together xxith inxasion of anx of the oigans bx the fxqie 
cell 15 found terminallx 

Quite different is the picture m the chronic case or m those patients i^lio arc 
seen durmg remission In these instances the <;x-mptoms arc minimal the jii- 
tient frequently complaming onh of some weakness loss of cnergx- md ma ive 
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and monocyte count but there is rarely any difficulty- m diagnosis Subacute 
bactenal endocarditis may be ruled out by the absence of blood stream infection 
and the presence of a monocytic blood picture These two entities are veiy 
much alike chmeally smce vrith both are associated petechiae heart murmurs 
(hemic m leukemia), splenomegaly and eidreme lUness Typhoid fever, un- 
dulant fever and yeast infections may prove confusmg but all can be ruled out 
by the appropriate laboratory tests and by the course of the disease 
TThile the peripheral blood of infectious mononucleosis may have certam 
superficial similarity to that of monocytic leukenua careful study of the blood 
films — ^particularly supra-vital preparations — ^wiU serve to distmguish between 
the two In the latter techmque it becomes obvious that the cells of infectious 
mononucleosis are really of the lymphocytic senes In addition the Paul- 
Bunnell Test is negative m leukemia Both Israels (105) and Downey (4-1) 
have discussed this differential diagnosis at length 
In certam cases of monocytic leukemia agranulocytosis has been present to 
a marked degree If the patient is seen only at this tune the blood films may 
present a completely agranulocytic appearance and the chmcal picture may be 
so typical that a diagnosis of mahgnant neutropema may be made Thus one 
of the cases observed by Elumpp and Evans became completely agranuloevnc 
m the terminal days of her lUness If the course of the disease can be studied, 
as was the case with Elumpp and Evans, no such confusion arises but otherwise 
final diagnosis may have to be made after biopsy or autopsj- 
The presence of large numbers of purpimc hemorrhages and the thrombo- 
cytopenia which are characteristic of this form of leukemia may lead to difficultv 
m diagnosis from thrombocytopemc purpura However, m the latter disease 
there is no monoc 5 -tosis and no immature monocytes are seen m the blood 
In certam instances Hodgkm s Disease may closely resemble monocytic 
leukemia In fact Osgood (166) states that the chrome aleukemic form of the 
disease may be identical with Hodgkin’s disease Ljmph node biopsy may show 
similar structure with marked eosmophiha m both diseases Under these 
circunistances fixed and supra-vital studies of the blood and bone marrow are 
found TO be the best differential procedure 

As has already been mentioned the most difficult differential diagnosis lies 
between monocvtic and the other types of leukemia When there is a pre- 
ponderance of “blast cells” with very few adult cells of any senes ting diagnosis 
may be practically impossible m the fixed spread If there is opportumtv to 
study the mdividual over a considerable penod of tune spreads will nearlv al- 
ways be foimd m which adult cells of one or the other stram are demonstrable 
and it is alwajs helpful to remember that a blast “is known by the mature cells 
whose company it beeps” (Elumpp (254)) The peroxidase stam is helpful in 
differentiating lymphocytes from both monocytes and myelocytes as the latter 
two strains both take the stam whereas the h-mphoci-tes do not Expenenced 
obseiverg can u=ually distmguish between the staining of myelocj-tes and mono- 
cytes bj' the peroxidage stam — the myelocytes hanng more and deeper stainin"- 
granules Supra-ntal exammanon of the blood and bone marrow is of great 
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of nine months Durmg the first obsen'ations the Jeukocjfio count was high 
mth 95 per cent of the cells m the myeloc3'tic senes This myeloc5’tic pre- 
ponderance ivas mamtamed for five months irhen the picture changed markedly 
and, at the end of six months, the differential count showed a percentage of 91 
of the monoc3’tic senes Smce no cells of the reticulo-endothehal t3'pe were seen 
at ani’^ time m the circulatmg blood the3^ conclude that m this instance the 
monoc3d:es stemmed from the m3mloblast, that this is a vanant of m3’’elogenous 
leukemia, and it comes under the classification of Downe5’’’s “Naegeh leukemia ” 
Occasionally the reverse also happens m the course of a perfectl3'’ t3Tncal case 
of monoc3’tic leukemia a shower of myeloc3'tes ma3' cause the blood to appear 
ven" much hke that of m3'eIoe3die leukemia (Dameshek’s ( 38 ) second case ) 
It IS these situations which probably give nse to those cases reported as “mixed 
leukemia,”) though it is theoreticall3’- possible that two or even all three t 3 T 3 es 
could co-exist 

It IS m the aleukemic cases that difficulties m diagnosis become most acute 
However, with supra- vital techmque, peroxidase stam and bone marrow studies, 
the diagnosis can usuaU3’- be made, and can be confirmed b5’' autopsy or occa- 
sionaIl3’’ b3’- biops3’' In most of these cases there are quahtative changes m the 
monoc3d;es which can be clearl3' demonstrated m vivo but m some diagnosis 
has to wait for tissue examination 

Diagnosis of the chrome cases is not difficult if there are large numbers of adult 
monoc5d:es m the blood together with a few immature cells What has ahead}' 
been said of the entena for diagnosis of the acute form of the disease apphesalso 
m this connection However, m those chrome cases where the cuculatmg blood 
IS aleukeimc, the diagnosis is very' difficult In the chrome case without leukemic 
blood, the cells are only shghtly' different from normal In the fixed stam these 
mrmma] differences are not veij' endent In the supra-ntal studies the fol- 
lowing vanations are found, ( 1 ) the lymphocy'te-monocy'te ratio is reversed, 
( 2 ) a few young monocytes with more granular cytoplasm and round or oi al 
nuclei, and ( 3 ) the young cells of the monocyde senes can be identified by' them 
red staining I'acuoles and green mitachondna whereas m the fixed spread these 
cells may' appear to belong to one of the other senes Fmal diagnosis m tins type 
of case sometimes rests upon biopsy, postmortem exammation, or both 


DEFFEREXTUi DU.GXOSIS 

There are a number of infections from which the differential diagnosis of 
monocytic leukemia must be made Inversion of the lymphocyte-monocyte 
ratio may' occur m some of these and there may' be a very' considerable number 
of monocytes circulating m the blood Thus from tuberculosis the la^osis 
IS made, on the one hand, by the absence of demonstrable lung disease an the 
absence of tubercle baedh, and, on the other hand, by' the presence oft es i^ata 
of monocytic leukemia Sometmies the removal of a lymph node or s ' ^ 
sItSe theUblem Syphihs can usually be excluded by the =^bsence of ^^^pos.tivc 

Wassennan reaction though the skm lesions are ^ ^ lymphocyte 

two diseases In whoopmg cough there is sometunes a rathe g 
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find monocyte count, but there is rarely anj* difficulty- m diagnosis Subacute 
bactenal endocarditis may be ruled out by the absence of blood stream mfecnon 
find the presence of a monocytic blood picture These two entities are venr 
Emch alike clmically smce with both are associated petechiae, heart murmurs 
(hemic m leukemia) splenomegaly and extreme illness Typhoid fever un- 
dulant fever and yeast infections may prove confusmg but all can be ruled out 
hy the appropnate laboratory tests and bv the course of the disease 
^^Tule the peripheral blood of infectious mononucleosis may have certain 
superficial smulanty to that of monocytic leukemia careful study of the blood 
hims particularly supra-vital preparations — will serve to distmguish between 
fhe two In the latter techmque it becomes obnous that the cells of infectious 
mononucleosis are really of the lymphocytic senes In addition the Paul- 
BtmneU Test is negative m leukemia Both Israels (105) and Downey (44) 
have discussed this differential diagnosis at length 
In certam cases of monocytic leukemia agranulocytosis has been present to 
a marked degree If the patient is seen only at this tune the blood filnv; mav 
present a completely agranulocytic appearance and the clmical picture may be 
^ typical that a diagnosis of mahgnant neutropema may be made Thus one 
of the cases observed by Humpp and Evans became completely agranuloc\-nc 
the termmal days of her illness If the course of the disease can be studied, 
as was the case with Elumpp and Evans, no such confusion arises but otherwise 
final diagnosis may have to be made after biopsj- or autopsj- 
The presence of large numbers of purpimc hemorrhages and the thrombo- 
cytopema which are characteristic of this form of leukenua may lead to difficultv 
in diagnosis from thrombocytopemc purpura However, m the latter disease 
there is no monocytosis and no immature monoc>-tes are seen m the blood 
In certam instances Hodgkm’s Disease may closely resemble monoc\-tic 
leukemia In fact Osgood (166) states that the chrome aleukemic form of the 
disease may be identical with Hodgkm’s disease Limph node biopsy may show 
fitniilar structure with marked eosmophiha in both diseases Under these 
circumstances fixed and supra-vital studies of the blood and bone marrow are 
found to be the best differential procedure 


As has already been mentioned the most difficult differenbal diagnosis hes 
between monocytic and the other types of leukemia IVhen there is a pre- 
ponderance of ‘‘blast cells’ with very few adult cells of any senes this diasnosis 
may be practically impossible m the fixed spread If there is opportumtv to 
studi' the mdividual over a considerable penod of time spreads will nearlr al- 
wavs be found m which adult cells of one or the other stram are demonstrable 
and It IS always helpful to ^ember that a blast “is known bv the mature ceUs 
whose company it C^umpp (254)) The peroxidase stain is helpful m 

differentiatmg h-mphoc^es from both monocides and mvelocvtes as the latter 
boU. .^e the the l™ph„c,W do .S ’ oS 
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benefit m separating the monocjiac from the other strains of cells The typical 
vacuolar rosette is not seen in m 5 ’-eIocytes and Ijunphocjdes and the size and 
structure of the ceUs appear very unlike m the three senes In the one instance 
the bone marrow is h 5 ^erplastic and m the other it is hj’poplastic 
In general it may be repeated that the diagnosis of monocjdic leukemia is al- 
ira 3 's difficult, that all means available for diagnosis should be used, that the 
cases should be studied over as long a time penod as possible and finally that 
controversj'- is very apt to anse as soon as the disease is mentioned Histoiy, 
physical examination, penpheral blood counts and spreads exanuned with fixed 
cell technique are all of immense value and may seive to make the diagnoas 
seem veiy hkel}’- but the use of supra-\utal stainmg adds greatly to the endence 
Bone marrow studies and biops}' of lymph nodes offer stiU further connncing 
evidence of the disease and whatever doubt is left after aU these studies are 
completed is finall}’- remoind by' autopsy 
Beck, Dameshek, and Doan aU call attention to the fact that diagnosis is 
usually' possible without autopsy 


TREATMEXT 

In the acute form of monocy'tic leukemia no treatment has proved to be of 
value Transfusion has been widely' used and has served to keep the patient 
alive for a short time Occasionally a remission has been descnbed foUowmg 
transfusion but it seems probable that m such mstances the transfusion is not 
the causative factor X-ray has proved of httle or no value Vanous prepara- 
tions of arsemc have been used without success as have vanous liver extracts 
X-ray' of the spleen and even splenectomy have been performed, but m the cases 
where success has been claimed for either measure there seems to have been 
considerable doubt as to the diagnosis Theoretically at least, splenectomy' is 
contra-mdicated m leukemia since it is m the spleen that excess of white blood 
cells IS controlled by' ly'sis and sequestration 

In the chrome foim of monocytic leukemia X-ray' has been reported to hai e a 
beneficial effect Some mterestmg work has been done by Dean and Wiseman 
(237, 43, 271) on the relationship of chrome monocytic leukemia to disordered 
fat metabolism While this work has not yet progressed to the pomt of proof, 
thev feel hopeful that eventually' control of the fat metabohsm may' proi c bene- 
ficial in treatment of this form of the disease 


Thanks are extended to the many' colleagues who hai e aided me in the prep- 
aration of this paper 
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